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A GENERAL TEXTBOOK OF 
ENTOMOLOGY 


Part I 

ANATO^^Y AND PHYSIOLOGY 

INTRODUCTORY REMARKS 

Definition of the Insecta (Hexapoda) 

T he members of this class are tracheate Arthropods in which the 
body is divided into head, thorax and abdomen. A single pmr d 
antennae (homologous with the antennules of the Crustacea) is 
present : the thorax carries three pairs of legs and usually one or two pairs of 
wings. The abdomen is devoid of ambulatory appendages, and the genital 
opening is situated near the anal extremity of the body. Post-embryonic 
devdopment is rarely direct and a metamorphosis is usually undergone, 


Relationships with Other Arthropods 

The Arthropoda constitute the largest phylum of the animal kingdoih . 
and, although they include animals Bering widely in structure, they 
^ee in certain fundamental characters. The body is segmented and 
invested with a chitinous exoskeleton. A variable number of the S4^[aumts 
carry paired jointed appendages exhibiting functional modifications in 
different regions of the body. The heart is dorsal and is provided wifii 
paired ostia, a pericardium is present and the body-cavity is a hsmsoocek. ■ 
The central nervous system consists of a supra-oesophageal centre or. , 
brain connected with a ganglionated ventral nerve cord. The musdbs 
composed almost entirely of striated fibres and there is a gena^ absei^ .of , 
ofiiated epithelium. No animals other than Arthropods exhibit the. i 
combinatimi of characters. The various classes of the.phjdum 4*0. sp. 
follows. ■ ■ , 

The Onycfaophora (Peripatus) are in some resp^s annect^ 
the Annelida Arthropoda, but the reason for their inchisiimi in 
phylnm is not evident from superficial examination. They are jpertiaps to; 
be %ived from Polychaete ancestors which had forsaken a suurme tohiitafe 
and > become terrestrial. Parapodia are consequently no kmgdr present ale 
organS) but have become modified for locomotion on land withoot., 
bsiyfRg ^eonired the jmnted Arthropod character. The integument is S0ft> 
exo^celeton being developed, and the excretory organs take ; 
fib ol metmnerically repeated n^hridia. Arthrijpodan leatimes anef . 
exhfinted In the possession of trachese, sahvaiy glaiids,;.aiid the tenMii; 


•ftT*— I' 


I 



.--INTRODUCTORY remarks ^ 

to Ote ^pi>e9(iages. Tbe {nresence* of jaws of an a|^i^)^icUlai: latmt, 
tw paired osti^. to the heart, the pericardium, the haemoceelic bpdy-cayity 
^d the rednt^d coelom are further important characters 'allying; thenrwidh 
that phylum, , • ' . 

■ The Trilobita (Trilobites) are ^ extinct class ‘of palaeozoic nuurine 
f<nniB with the body moulded longitudinally into three lobes. They possess ' 
a sii^le pair of antennae followed bye variable ntunber of pairs of biramous 
hinbs little differentiated among themselves. Four pairs of these appen- 
dages belong to the head and the remainder to the trunk region. 

The Crustacea (Lobsters, Shrimps, Crabs, Barnacles, etc.) are char: 
acterized by the possession of two pairs of antennae and at least five pairs of 
legs. In the higher forms the body segments are definite in numto and 
arranged into two regions — the cephalothorax and abdomen. Respiration 
almost always takes place by means of giUs, and the excretory organs are 
highly modified nephridia usually represented <y green glands df shell 
glands. The genital apertures are situated anteriorly, i.e. on tie 9th 
post-oral segment in some cases, up to the 14th in' others. \ 

The Arachnida (Scorpions, King Crabs, Spiders, Mites, Ticks, etd.) are 
distinguished by the body usually being divided into cephalothora^ and 
abdomen ; the legs consist of four pairs and there are no antennae. \ The 
primitive forms respire by means of brancheae which, in the higher forms, 
are insunk to form lung-books, or atrophied and ^placed by tracheae.^ 
Spiracles when present are generally abdominal and consist at most of four 
pairs. The gonads open near the base of the abdomen and the excretory 
organs are usually Malpighian tubes. The presence of chelicerae, in place 
of sensory antennae, and the general characters of the remaining appendages 
mark off the Arachnida very definitely from all other Arthropoda. 

The next four classes (often known collectively as the Myriapoda) are 
characterized by the presence of a single pair of antennae and the absence 
of any differentiation of the trunk into thorax and abdomen. Each segment 
usually bears appendages. 

The Diplopoda (Millipedes) have the greater number of the body 
segments so grouped that each apparent somite carries two pairs of legs and 
two pairs of spiracles. The gonads open behind the 2nd paiir of legs. 

^ The Pauropoda are characterized by the legs being arranged in single 
pmrs although the terga are mostly fused in couples. The antennae are 
biramous and there are only twelve post-cephalic segments, nine of which 
bear legs. The gonads open on the third segment. 

The Symphyla have long antennae and most of the body segments 
bear a single paiir of legs. The gonads open on the fourth post-cephalic 
segment and there is a single pair of spiracles which are situated on the 
head. 

*The Chilopoda (Centipedes) are usually provided with a single padr of 
; appendages and a pam of spiracles to each of the post-cephalic segments. 

; j,^Tlm first paut of legs is modified to form poison daws and the gonads open 
, the penultimate segment of the abdomen. 

The (Bear Animalcules) are very minute animals with four 

padis of unjointed legs but devoid of anteimse, mouth-appendages or respur" 

. -. .afewy organs. The gonads open into the intestine. 

'5 ,^ : ‘The PcntMtomida are worm-like and devoid of appendages except 

Im) pahs of hooks near the mouth. Their arthn^xjdan a&uties axe 
‘ mainly suggested bjr the larvae which pomess two pairs of clawed, legdUm^ 
-.^ypfocesses. 



- ^ * L t * ' ' ^ * 'fc** ‘ ' 

' HiiB niost jpdnntive iMec^ aw the bristtfr 4 ajis 6r Tiiysauam; and these 
lowly ereattxres exh:B)it certain structural features which can icmi^ he inter- 
preted a$ inhmtahces an ancestral stock. The study of generalized 
embryos fhveab the fact that insects pass through a primordial stage in 
their development in which the head bears five pairs of appendages and 
the body is composed of fifteen segments, eaich bearing a pair of limbs 
excepting the hst.* Tlje appendages of the first three body-segm^ts ( 1 ^) 
and of the fourteenth segment (cerci) evidently became more important 
than the intervening pairs which, for the most part, disappear: It seems 
clear, therefore, that the ancestors of insects were many-legged animals, 
and the nearest approach to such progenitors is to be found in the S3rmphyia, 
which are, furthermore, related to the Chilopoda and Diplopoda. 

The S3miphyla exhibit most of the essential structural features required 
of an ancestor of the Thysanura and, through the latter order, of winged 
insects. The presence of*a Y-shaped epicranial suture and two pairs of 
maxillae : of styli an^ eversible sacs on the abdominal segments : of anal 
cerci and Malpighian tubes are all characters shared by Symphyla and 
Catnpodea. The position of the gonopore on the 4th postcephaKc segment 
in Symphyla and on the nth postcephalic segment in Thysanura seems 
to be, however, ^an insuperable difficulty in tracing the actual descent of 
insects from Symphyla. Their ancestry has to be sought lower down in 
the arthropod series wind probably among a stock which presumably also 
gave origin to the whole of the myriapods. Theories which derive insects 
from trilobites or from crustaceans also require mention. 

The trilobite theory maintains that the earliest insects were winged 
forms represented by the extinct Palseodictyoptera which were derived 
from trilobites, the wings being developed from the pleural expansions so 
characteristic of the latter group. Traces of such expansions, it is claimed, 
are also seen in the prothoracic lobes and in the lateral developments of 
the abdominal segments in these fossil insects. The complete absence of 
any connecting types bridging the wide gap between trilobites and insects 
stands in the way of accepting this theory. Also, the assumption that the 
ancestral type of insect was winged is contrary to accepted opinion. 

The crustacean theory maintains that the primitive t5rpe of insect was 
wingless and represented with least modification 
by the Machilidae. The theory is largely based imtt» 


upon identity in the number of body segments 
and structural similarity and homologies of 
certain of the appendages of Machilis and the 
Syncarida and other Malacostraca. The de- 
scent, it is claimed, took place by the crusta- 
cean forerunners migrating to the land and 
there evolving into primitive wingless insects. 
The relationships between insects and 'crusta- 
ceans, however, are remote and the balance of 
evidence suggests community • of origin rather 
than the actual derivation of insects from such 



ancestors. 


The hypothetical relationships between insects and other arthro^o^ 
fare esqnressed in the accompanying diagram and for a dlSQU$to ^ tlw’ 
|?abjecsf Hide Tillyard (1930). ; , 



1 : ' INTRODOCTORY REMAPS 


;.Ci^ral (^jmkaitfoa.ot aa'IiiMCt 
An of the structitte and development of the mort pdmitive 

ii^tB^tatives of the class lenders it posable to constoKt tote <w 

duceistral form of winged insect. This h3^ix>thcticsl org^ntsm wds tertned 
by Paul Mayer the Protentomon (Fig. i) and it is convenient to ret^ to^ 
nnttiA although the results of more recent investigation ‘have conad^Wy 
xhodified our views with regard to its essential characters. ‘The latter 
exhibit various secondary modifications in the difierent orders -of insects, 
but the fundamental or primary features of the Protentomon are ate fplJows. 
' The head is formed by the fusion of six embryonic segments crfwhito the 
and, and 4th to 6th carry appendages in tlw adult. These appendages are 
the antennae, mandibles, maxillae and labium (2nd rnaxillse). The head 
also carries a pair of compound eyes and three ^ocelli. 

The thorax consists of three segments each of*which bears a pair M 1 ^, 
awH the and and 3rd segments carry a pair of dors^-lateral mem%anous 



Fig. I.— The General Organization of a Primitive Winged Insect. 

J.head; B, ccrvtemn ; C, thorax ; D, abdonusn ; a, iwrta ; «n, anus ; «.n., autcnnaiy J I 

t otucqt ; cfi crop ; d, salivary duct ; f.g.. frontal ganglia g, gixzard ; g.d.» gonoduct 5 *' 

‘■iLhsUti hind intestine ; ^-1#. legs; li, labrum; Iwi, labium ; l.n., labral nerve ; w,i^ndiDle» W|,roaxiUa, 
SS • InlJXl^an til£ ; n, m/alaiy nerves ; a,, median ocellus ; 0, lateral. ooeUus 5 
' wwjj uie ; P. pharynx ; s, OBSopnageaf ganglion ; $.g., salivary gland ; «», wu wings ; 1, brain , 2, suiHmiophagea] 

tbo^c ganglia ; 6, ist abdominal ganglion. 


jlmteowths or wings. The two pairs of the latter are similar, and each wil^ 
is te^jported by a system of longitudinal chitinous ribs or veins wl^ are 
lo^ed around pretexisting tracheae. There are no true cross-veins but 
ii^y aniriegi^ network (archedictyon) formed by thickenings of toe wing- 
menibrane. . . , 

• The abdomen consists of eleven segments together with a teiiinim i'tqSkm 
OT rtdbcto; toe nth segment carries a pair of jointed cerd. 

The' digestive system is dividble into the fore intestine or stomodseuin» 

4 simple sac-like stomach' Or mesrat^on and the hind intestme or .proctb- 
' A pair of salivary glan^ lie along the sides of the fore intestine, and 
ducts pass forwards to unite and torm the main salivary duct wht^ 
m th« hypophsuynx. Six Malpighian tubra are present and arise 
hind ittt^tine near its junction with toe mesenteron. > 

^bral nervous system consists of two prindpal c^phalfc c#ti!tes 
1 ^^ nito a ventral gan§^»ated nerve cord. The supra-oesnphagM ' 
!g^|l»^i»iormed by the fusion of the three pre-oral cefdiahc'faii^g^ 



' ' ■ '-nffRODUCTbRY i(£ibMElK-& 

It is 14 ^ 11 ^ by means of a pair ot para-cespjdiafeal coime^ves with the 
shb-cesopha^esi eioitre. The latter is forhied' by ^ fnsioa of the three 
post-eaal oepthafic gan^. The ventral offlrvre^Mr^eonah^ctfth^ te 
804 nine .Abdominal gang^ united by means of pah;ie 4 cra^seetives. Th^ 
is consequently one gang^on to each of thi» twdve poet-cei^h: 
segments. / 

into. 4mi^ vessel ^consists of an abdominal portion or heart and a 
thcKD^c pmtioa or aorta. The heart is metamaically, divided into chambers' 
aip^ of the latter is provided with paired lat«nl ostia. Beneadi the 
hes^ hi a traasve^ septum or pericardial diaphragm. The amta is a 
narrow tubular extension arising from the first chamber of the heart and 
extmiding forwards through the thorax into the head, where it tenninates 
just bdiind the brain. 

The resjpiratory system consists of segmentally repeated groups o# 
trachese which commununte with the exterior by means of ten pairs pf 
spiracles. These are situated on each of the two hinder thoracic and tlie 
first eight abdominaf segments respectively. 

The genital organs of the two sexes exhibit a very similar morphology. 
In the male each testis consists of a small number of lobes whose cavities * 
communicate with the vas deferens. The vasa deferentia unite posteriwly 
and become conflnuous with a common ejaculatory duct which opens on the 
aedeagus. Vesiculae geminales are present as simple dilatations of the vasa 
deferentia and paired accessory glands open into the proximal portion of 
the latter. In the female each ovary consists of panoistic ovarioles similar 
in nnmber to the lobes of the testis. The oviducts combine posteriorly to 
form a common passage or vagina. A median spermatheca opens <hi the 
dorsal wall of the latter, and paired coUeterial or accessory glan^ are also 
jH'esent. 

Metamorphosis is of the gradual or hemimetabolous type. 


Number and Size of Insects 

Insects comprise about 70 per cent, of the known species of all 
of animals. Approximately 700,000 species of insects have been desccibie^ 
but it is doubtful whether this number represents even one-fifth of thc^ 
existing to-day. The G>leoptera, with about 250,000 spedes, form tito. 
largest order and among them at least 65,000 species are indbded in ^ 
rifi^e &mily Curculionidae, while the Ch^rsomefidse are not mucb 
in point of numbers. i - . 

Arming Uving insects, the greatest size is found in individuals of tito; 
fidlowiiig species. In the Coleoptera, Megasoma elephas attains a length up 
to XOO tmn. and Maerodontia cervicornis (including the mandiUes) ramges%p 
to X30 mm. Among Orthoptera, Pharnacia serratipes may exceed 260 

and the Hemipteron Belostoma grande attains a leiigth' of- xis* sxmji 
dto tapidoptexa their size may, perhaj^, be best gauged by the toing^ ! 

> The latter reaches its maximum in EtOm agrif^na, whose 
ip^' llrings measure up to 280 mm. from tip to tip and in large^oataniiiibt - 
of it#acfu atias they measure 240 mm. With regard to ^ smal^ iase^; 
oertain Coleoptera (fam. Trichopteryg^dae) do not exceed a len|^o{.<s5.m^; 

^Sg^parasites belonging to the family M]unaridae are, in sosto-ito^ 
s^a' more mimite. As Folsom has observed, smne insicts toeantailto 
the ItdgMt Rrotoizoa and others are larger than the smaOtot 
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THE B6DY-WALL or INTEGUMENT 
(a) Structure 

T he body-wall consists of the following layers: (i) the cuti<de, 
(2) the hypodermis, and (3) the basement membrane (Fig. 2). 
The Cuticte (cuticula) is the outermost investment of the body 
and appendages and is largely composed of the substance known as chitin. 
When newly formed it is flexible and elastic and it remains in this condition 
as the intersegmental membranes, the articular membranes of the appendages 
and in other situations. For the most part, however, the cuticle forms 
a hard inelastic exoskeleton which is due to its subsequently undergoing 
certain chemical changes. The 
nature of the *change is not 
known, and among ijiany insect 
larvae the cuticle remains mem- 
branous and apparently un- 
altered. Two distinct layers 
of the cuticle are evident in 
most ixLsects, — the exoctdicula 
or epidermis and the endocu- 
ticula or dermis. The exocuti- 
cula is the hard, outer, homo- 
geneous layer which is the seat 
of the cuticular pigments : setae 
of various t3pes and the cuti- 
cular parts of sense organs 
derived from them, are mostly 
formed from this layer. The 
endocuticula is the inner, more 
flexible and usually much 
thicker layer which exhibits a 
laminated structure. The in- 
tasegmental membranes owe 
their flexibility either to the 
absence of the exocuticula 
from such areas or, more usu- 
ally, to the thinness of the 
exocuticula or to its discontinuous structure (Fig. 2). In most insec^ 
a vaty thin stratum or epicuticuh (less than 1 jU in thickness) is presenl*;; 
outside the exocuticula. According to Kiihnelt (1928) it does not cdib.; 
tain chitin and is allied chemically to plant cuticle, li&iute pore-cam^ 
pa^ through the cuticle in various regions of the body, and ooimect 
the cavities of the cuticular appendages, or allow of the passage of the 
of daroai j^ds. There are also numerous other <!pore-caita|f 
with either of these functions. These are, o^eh 



Fig. 2. — Structure of the Integument. 

A. Diagrammatic section showing structure of 
insect integument. Original. B. Section through 
an intersegmental membrane of the larva of 
Carahus violaceus. From Kuhndt (one divisioii 
the scales: 0*01 mm.). * g, 

^^epicuticula; «,Mocuticuh; endocuticula ; i^,bytodmil s ! 
h.m, basement membrane. 
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mt penetrate the epicutici^ to open to the extedkMr : titiey.aie 
to be occupied by line proto][dasmic processes of the cells of the hypo* 
dends (Fig. 3). The cuticle may be smooth and ^tening or varioi:dy 
punctured, granulated, striated or otherwise sculptured. In surface view 
it sometimes exhibits a division into small polygonal' areas which form an 
irregular reticulated pattern. 

C^itin is an essential constituent of fhe exoskeleton oS artliropods, it is by , 
up means confined to that phylum. It has been found In representatiw^ of 
'<3asses of inv^tebrates and also enters into the composition of the cdll-wall of fungi.; 
JUnoiig insects, in addition to being deposited externally^ it also oc^ins internaUy, 
i^d, in special, wherever organs or parts are developed as invaginations of the integu* 
himt. Thus, the endoskeleton is a cuticular product, as are also the linings of the 
atomOda^um and proctodseum, of the tracheae, of the ducts of the salivary and other 
glands and the main genital passages : the peritrophic membrane is also chitinous. 
Vi^ther chitin is a regular constituent of the lining of the smaller tracheae and the 
air sacs of insects is, however, uncertain. . | 

Pure chitin is colourless and insoluble in water, alcohol, in dilute or concmtrated 
alkalies or in dilute acids. It may be boiled in concentrated alkali for lonmperiods 

without change of appearante, but 
becomes hydrolysed to form cmtosan 
and acetic acid. At room tempera* 
ture it is oxidized and dissolv^ in 
a solution of sodium hypochlorite if 
the latter contains 5 per cent, avail* 
able chlorines (Campbell). Chitin is 
hydrolysed and dissolved by concen- . 
trated mineral acids. 

Chemically chitin is a nitrogen- 
ous polysaccharide whose exact em- 
piric^ formula is uncertain : accord* 
ing to Brach (1912) it is probably 
Its specific gravity 
is near 1-398 (Sollas) and its refrac- 
tive index is 1-525 ± *005 (Becking 
and Chamberlain). It is doubtful 
whether chitin often occurs without 
admixture with other substances of 
unknown composition. According to 
Campbell (1929) the hardness of in- 
sed cuticle is due to the presence of such substances and is, consequently, not 
.In^cative of the amount of chitin present, 

, It is generally recognized that the most satisfactory test for chitin involves its con- 
Veirsion into chitosan. The material, after being freed of tissue, etc., is placed in a 
solution of potassium hydroxide, saturated at room temperature, and heated in an 
. ; ti^/bath kept at 160® C. for 15 minutes. After cooling the material is best freed from 
aUmli by passing through grades of alcohol of descending strength before being washed 
M water. It is now ready to be tested, and if the sample has been converted into 
chitosan it becomes coloured violet when treated with o»s per cent, iodine (in potas* 

\ : shm iodi^ solution) in i per cent, sulphuric acid. ""Chitosan, furthermoi», 
dpii|^ly^ in 3 per cdnt. acetic acid, whereas unaltered chitin is insoluble. The ad^^tkm 
of r per cent, sulphuric acid results in the formation of a white precipitate 
fr^iosan sulphate). Further information on chitin will be found in papers by Wester 
ICfihnelt (1928), Campbell (1929), and Yonge (1932). 

forms a continuous layer of cells. The latter art 
or somewhat columnar, and the cell boundaries are c^ften 
to detect and frequently only visible in tangential sectiaae, 'The 
l^ipod^ cells often contain pigment and function in secreting the oiltidfe. 

Membrane is a continuous apparently structniiid^ , 
the inner surface of the hypodennis. It is extzei^y/^^ 
difhcult to detect and, according to Mayer, it is 
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Fio. 3 . — Section through the Integument of 
THE Larva of MAVROMriAOiA mubi, 
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■ OJtmSLAk PROCESSES • ■ 

iMclesil^ sMbtte odb the i hamogeoec^ 

kitoneltidar sabstaace. 

':■■■.■. #) ,€»tic»ilar A^p^dages 

' |luae.ftrti6t^^ inchibde all outgrowths of the cutkle tha,t are coimectedl 
vriih it % means oi a manbranous joint. They may be into sets 

and spw?. ■ * . • 

Si^or Macrotrichia (Fig. 3) Me commonly known as hairs and eadt 
arum from a cap*like pit or alveolus situated at the outlet of a pore-canal. 
At ih) base the seta is attached by means of a ring of articular memtnrane. 
Setae, are hollow structures devdoped as extensions of the exocuticula 
mid eadx is produced by a single, rxsually enlarged, h37podermal cdl or 
tnchogen. The articular memlnrwe is usually produced by a second h3?po- 
dermal cell or membrane cell. In recent years cheetotaxy, or the study of 
the arrangement of the inore important sets, has assumed a good deal of 
significance from the,taxonomic point of view, particularly with reference 
to the Cydorrhapha and larval Lepidoptera. The following are the principal 
types of set* commonly met with (i) Chthdng AatVs.— These invest the 
general surface of the body or its appendages and frequently exhibit various 
degrees of spedjjJization. When furnished with thread-like branches as 
in the Apid* they are termed plumose hairs. Set* which are particularly 
stout and rigid are kfiown as Mstles, which are well exhibited for evamp^*^ 
in the Tachinid*. (2 ) Scales, — These structures are highly Tno tti fied 
hairs and are characteristic of all Lepidoptera and many Collembola : they 
are also present in certain Diptera and Coleoptera, Transitional forms 
between ordinary clothing hairs and scales are frequent. (3) Glandular 
seta. — Grouped under this heading are those set* which function as the 
outlet for the secretion of hypodermal glands (vide p, 148). If they are 
espwally stout and rigid they are then termed glandular bristles as in the 
urticatii^ hairs of certain lepidopterous larv*. (4) Sensory Seta.— Yory 
frequently the set* of certain parts of the body, or more particularly the 
appendages, are modified in special ways and become sensory in function. 
Seiwory set* (vide p. 71) are in all cases connected with the nervous sjistem. 

Spurs occur on the legs of many insects and differ from seta in being 
of multicellular origin (Comstock). 

(c) Cuticular Processes 

. The external surface of the cuticle, in addition to being sculpture^, 
in vairious ways, bears a great variety of outgrowths which are integral, 
parts of its substance. They are rigidly connected with the cuticle, hkv^g 
nd membranous articulation and, in the absence of the latter feature, 
are readily separable from cuticular appendages. The principal ty^Aji. 
cutuudar .processes are as follows. ; 

llfrfrotricliia (fixed hairs or aculei). — ^These are itunute 
.afrbctmm found, for example, on the wings of the Mecoptera and' ciertatn< 
resemble very small covering hairs, but the absence of the 
is their distingtiishing feature (Figs. 3 and 26). 
;:.jSfdae«.^ — ^This expression has been used by various writers with oon-; 
ndmlde latitude and, in the present work, it is confined to outgrowths (rf the 
which are more or less thom-like in form. Accordii^ to Coimtodc 
from spine-hke set* in being ^xroduced 'by undifr^rentfrit^ 
cells and are usually, if not always, of nmltioellukr eir| gln. , 



TO THE BODY-^WALL OR INTEGUMENT 

III ad&tion to the above there is al^ a great variety of other cuticular 
processes which either take the form of more or less conical nodutes and 
tubercles of different shapes, or of larger projections known as horns which 
are a characteristic feature in the males of certain ColeopteraC 


{d) Coloration 

^ The colours of adult and immature insects may be grouped into three 
classes : (i) pigmentary or chemical colours, (2) structural or physical 
colours, and (3) combination or chemico-physical colours. 

1 . Pigmentary Colours.— These owe their presence to substances of 
definite chemical composition which have the property of absorbing some 
light waves and of reflecting others. Such substances are for the most part 
products of metabolism and in some cases are kpown to be of an ex^tory 
nature. They may be classified into cuticular, h3rpodermal and sulmypo- 
deimal colours according to their location. Frequently a colour pattern 
consists of a ground coloiu: whose source lies in the hypodermis or under- 
l3dng tissues, and is overlaid by blotches of a cuticular pigment. \ 

Cuticular colours are mostly contained in the exocuticula : they coij^sist 
of browns, blacks and yellows, which are permanent, c 

Hypodermal colours are lodged in the form of granules or drops of fat in 
the cells of the hypodermis. They may be red, oran^, yellow or green and 
are very evanescent after death. 

Subhypodermal colours are contained in the fat-body and blood. 

The more important insect pigments may be grouped into four categories. 

(1) Chlorophyll and other derived Pigments. — In this group are included pigments 
of vegetable origin which are absorbed from the food and apparently undergo little 
or no change in composition in the process. They comprise chlorophyll and its com- 
ponents, anthocyanins and flavones. 

The early researches of Poulton (1894) indicated that a modified chlorophyll 
occurs in the blood and integument of Icpidopterous larvae and forms the prevailing 
green coloration of many species. Carotin, the orange-yellow component of chloro- 
phyll, is known to produce the yellow or red coloration in Coccinellidae and Chrysolelidae 
among Coleoptera and in Pyirhocoridse and Pentatomidae among Hemiptera. The 
work of Palmer and Knight (1924) and Knight (1924) indicates that the red and 
yellow coloration of Perillus hioculatus, a member of the last-mentioned family, is 
largely due to carotin absorbed from the tissues of its prey {LepHnotarsa), The 
Isitter, in its turn, is coloured deep orange by carotin derived from its food plant (the 
potato). Whether a yellow pigment present among lepidopterous larvae is due to 
xanthophyll or carotin appears to be uncertain. Anthocyanin pigments are stated 
to be present in the larvae of the beetle Cionus olens and in certain aphides. A yellow- 
ish pigment of the nature of a flavone is present in the wings of the butterfly Melanargia 
galatea and a similar pigment occurs in its food plant (Thompson, 1926). Palmer 
and Knight (1924A) record the occurrence of flavones in certain families of Hemiptera- 
Ifeteroptera. 

(2) Hamoglobin and allied Pigments. — ^Haemoglobin is of rare occurrence among 
insects. In certain Chironomid larvae it is present in the blood plasma and, since 
they* possess' a transparent integument, imparts to them their characteristic red 
appearance. Hemoglobin also occurs under localised conditions in a few other 
insects (p. 130), but plays no part in coloration. The red and yellowish pigments 
pice$ent in the wing scales of Vanessa butterflies are stated by Grafin von linden 
(1905) to present certain affinities with haemoglobin. 

(3) Pigments of Protein Origtn.— These include the melanin group of pigm^ts 
produced by the oxidation of an animo-acid (tyrosin) through the action of an enaythe 
(tyrosinase). Darkened or black forms of many insects, especially Lepidoptoa, are 
j^ten termed ** melasics without evidence that melanin is the pigment involved.. 

dixomogen tyrosin has been found in various insects, and it is prolxible 
nelanin is a widely spread pigment among these animals. Its actual oCci:^rteni^ 
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b«^ di^etmhied in n lew cases, nolably by Onslow {X916) wit& refer^ce to the 
black marki^s ol the wings of PteHs bri^ssicat by Gortner (191X) in Coleoptera. 
Hase^oek and others state that in many insects the chromogen involved is dopa 
(diqxyph^^ylaline) trhich becomes converted into melanin by a dopaoxidase, bnt 
biochemic^r knowledge of this difficult subject is very restricted. 

{4) Pigments with Punne Bases, — ^Uric acid and its derivatives are the end products 
of purine metabolism in insects. Normally most of such substances are voided 
throu^ the alimentary canal but, among the Pieridae, a certain amount becomes 
deposited in the wmg* scales, giving rise to jklie white, red and yellow colours of those 
insects (Hopkins 1896, Wigglesworth 1924). Excretory substances of this nature 
are not known to function as pigments in any other family of Lepidoptera. More 
recently Mason (1926) has stated that the white colour in Pieridae is a structural 
property of the scales themselves since it remains after extraction of the uric acid. 

» 

2 . Structural Colours. — The beautiful iridescent colours of many 
insects are extremely difficult to account for and various theories have been 
advanced to explain them. ^ Such colours prevail not only in wings devoid of 
pigment but ako remain m pigmented parts after bleaching. Immersion 
in liquids of appropriate refractive index destroys iridescent colours, but they 
are restored after washing and drying. Recent investigators regard interfer- 
ence of light at the surfaces of single or multiple films as accounting for 
the largest number of examples of iridescent colours. These films are repre- 
sented by extremely *delicate laminae which, according to Mason, may be 
located in the striae of the wing scales (Morpho), in the scale wall {Urania) 
or in the interior ofithe scale (Eniimus). Diffraction of light, as at the 
surface of a grooved structure or “ grating,” is apparently seldom involved : 
the powdery ” bloom ” or efflorescence present on the body and wings in 
some Odonata is regarded by Mason as owing its bluish colour to the scatter- 
ing of light by the minute particles concerned. White is usually produced 
by reflection or refraction of light by structural elements located in the scales 
or other cuticular parts. 

3. Combination Colours. — ^These are produced by a structural modi- 
fication in conjunction with a layer of pigment and are much commoner 
than purely structural colours. In the butterfly Teracolus pMegyas a red 
pigment in the scale waU (but not in the striae) combines with a structural 
violet to produce magenta : in Ornithoptera posddon the emerald green is due 
to a structural blue combined with a yellow pigment in the walls and striae 
of the scales. In a number of cases (e.g. Lycaenids) there is no indication 
of the cause of colour. The golden iridescence of Cassida and its allies is 
produced by a film of moisture beneath the surface cuticle. These insects 
rapidly lose their colour when dried, but it returns after soaking in water 
provided the drying has not been too prolonged. 

(«) Literature on the Body Wall and Coloration ^ 
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SEPMNTATION AND THE DIVISIONS OF THE BODY 

T ie cuticle of an insect forms a more or less hardened eyoslrrffttiftn 
and, although perfectly continuous over the whole body, it remains 
^ible along certain definite and usually transverse lines. In the 
latter positions the cuticle,becomes infolded and is membranous in character. 
The body of an insect consequently presents a jointed structure which is 
termed segmentation, q;id is divided into a series of successive rings variously 
known as segments, somites, or metameres. The flexible infolded portion of 
the cuticle between adjacent segments is the inters^mentd membrane whose 
function is to allow of the freedom of movement of the body. 

It must be bojrne ih mind that segmentation is not only manifested in the 
external differentiation of the body but it involves most of the internal 
organs al^. In the Annelida and the Onychophora the internal structure 
of an individual segment is very similar to that of the segment preceding or 
following it. This is due to the fact that there is a repetition of the organs 
or parts through most of the segments of the body. In such highly evolved 
animals as insects the primitive segmentation, in so far as it affects the 
internal anatomy, has undergone profound modifications ; the segmeiital 
nq)etition of parts is neverthdess to a large extent retained in the central 
nervous system, the heart, tracheal system and in the body musculature. 

The cuticle also exhibits localized areas of hardening termed sclerites 
which meet one another along certain lines of union known as sutures. In 
the case of movable sclerites their membranous continuity may be conceit 
but, if the cuticle of an insect be distended, many of the sclerites will be 
forced apart, and it is then seen that they are connected by membrane, 
along the lines of the sutures. Others of the sclerites are rigidly fixed smd 
cannot be separated in this manner, the sutures in these cases being Ifttle 
more than linear impressions. In certain regions the sclerites do not coine 
into apposition by sutures and are thus, as it were, islands of cuticle sur*; 
rounded by membrane. Complete fusion of adjacent sclerites is common, 
|)^icqlarly among the higher orders of insects, all traces of sutures 

I ; (a) The Divisioits of a Body-Segment 

> In ih^ n^jority of adult insects, and in many of their larvae, the'jlmdy*-. 
^ k typical segment is divisible into four definite sderotiz<^ tegioni, 
or iergum, a ventral region or sternum, and a 
or pieuron on each side of the body. Each- of th^ itgimis. n^’ ' 
^^ermtiated into separate sclerites. In this case the sderites ccBnpo^li^> 
^0 tergtms are known as tergites, those of the stemmn as 
ostifni^ng each pieuron as pleurites. Between adjacent segmesffa tfanre 
^y ba pcesent «nall detached {dates or interngmenieMb, and $u<^ scierit«i 
to the segment in front and parily to tbasegmeni 
it 
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them. Adcording to their position they are termed ipttrtwgites,, Mer- 
plmriU& and iiUmiamiki. 

{b) The Appendages ■ 

In the embryo each body segment may bear a pair of outgrow^ or 
appendages which may, or may net, be retained jin post-embryonic life. 
Among adult insects, an appendage is normally attached to its segment 
between the pleuron of its side and the sternum. Typical appm^ges are 
jointed tubes invested with a dense cuticle. Between each pair of joints, or 
segments, the cuticle remains membranous and becomes infolded to form 
the articular membrane. On account of its jointed structure, the whole or 
part of an appendage is movable by means of its muscles. An insect appen- 
dage consists typically of a limb base and a shaft ijvhich represents thi endo- 
podite of Crustacea. There is no conclusive evidence of a biramouslcondi- 
tion among the appendages in any insects. , 


j r i uvc;9ovo XfM, ^ 

In addition to true appendages numerous other ofttgrowtlis of the 'body 
wall are found in various insects. Unlike true appendages, processes of the 
body-wall are by no means invariably represented by embryonic counter- 
parts ; they may or may not be segmentally arranged, they may be origin- 
ally paired or unpaired, and more than a single pair is sometimes borne on a 
segment. They differ from cuticular processes in containing a definite 
extension of the body cavity and in some cases they are freely movable. 
The principal types of organs which come under this category are ; — (i) 
Pseudopods, which are characteristic of many dipterous larva. (2) ScoU, 
or thorny processes, characteristic of Nymphalid and Saturniid larva : 
the anal horn of Sphingid larva is also of a very similar nature. (3) Branchia 
or gills which are found in most larva of aquatic insects (vide p, 124). 
(4) WMgs (vide p. 32), which are always confined to the meso- and meta- 
thorax and attain their full development in adult insects. 

{d) The Regions 0! the Body 

The body segments of an insect are grouped together to form three 
usually well defined regions— the head, the thorax and the abdomen (Fig. 1). 
In each of these regions certain of the primary functions of the organism 
are concentrated. The head carries the mouth-parts, which are concerned 
with feeding, and the organs of special sense. The thorax bears the locomo- 
tory organs, e.g., legs and wings. The abdomen is concerned with repro- 
duction and may carry appendages associated with the latter function ; it 
is also the seat of the metabolic processes of the body. 

In most orders an intersegmental region or cemeum connects the head' 
with the thorax. 



THE HEAD AND CERVICUM 


{a) The Head Capsule 

T he exoskeleton.of the head is composed of several sclerites which 
are more or less intimately welded together to form a hard compact 
case or head-capsUe. If an examination be made of the dorsal 
surface of the head of an orthopterous, or other generaUzed insect, a Y- 
shaped epicranial suiure will be seen. The stem of the Y forms a median 
line and the two arms diverge anteriorly. Taking this suture as a refer- 
ence line, the sclerites and regions of the head may be identified as follows 
(Fig. 4 ). , • 

The frons (or front) is the unpaired sclerite lying between the arms of 
the epiCTanial suture* It bears the median ocellus and its distal limit is 
marked on either side by the invaginations which form the anterior arms of 
the tentorium (vide p. 51). 

The clyPeus lies immediately anterior to the 
frons and, as a rule, the two sclerites are fused 
owing to the obliteration of the clypeo-frontal 
suture. In some insects the clypeus is partially 
or completely divided by a transverse suture into 
two sclerites— the post-clypeus (or first clypeus) 
and iheante-clypeus (or second clypeus) (Fig. 307). 

The former sclerite carries on either side a convex 
process serving for articulation with the ginglymus 
of the mandible. 

The labrum is an unpaired sclerite usually 
movably articulated with the clypeus by means pio. 4.— Frontal View <w 
of the clypeo-labrai suture. On its phar5mgeal the Head of 
surface, in the region of the suture, it bears lateral 
sderotized pieces known as tormie. of “terior of tmtotiumi «, 

j. The eptcramum forms the whole of the upper e^iai piate; y, frooe; «,«»«! 

B of the head from the frons to the neck. ^'Sin 5 S)r<M.! 

sralized insects it is divided longitudinaUy 
fO epicranial plates by the median epi- • 

suture which is the line of junction of the procephalic lobes of the 
. That portion of the epicranium which lies imm^ately iJehind 
he fron$, and between the compound eyes, is termed the vertex. It hsuafly 
pasties the paired ocelli and antennae, but is not difierentiated as a s^iarate 
dfi^te. The occiput the hinder part of the epiCTanium betweoi the, 
vaiEat and the neck ; it is rarely present as a distinct sclerite. ' 

! . (Fig. 5) forms the whole of the lateral area below ami ]poatetM» 

0 ihie eyes on each side ; at its junction with the clyp^ it heara a lacet'; 
or articulation with the ginglymus of the mandible amd proxiMy it heatS; 

. cavity which receives the mandibular cond 3 de. Crossing the hind jfiait' 
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laf tlie cratiinm thiere is in some insects, 
sMuffA. When fuily developed it extei 



Fto. -Lateral View of the Head of an 
Orthopterous Insect. 

,Ail!iculatkm of labium ; a^, articulation of maxilla ; as, 
tataBnary aclerite ; of, invagination of anterior arm of ten- 
t0dom; e, Clypeut; oi, occipital condyle ; rs, cervical sclexite ; 
f, oompoiind eye; frons; fcs, clypeo frontal suture; /», 
mooto-feoal suture ; g, gena ; 1, labrum ; im, labium ; », 
lateral arm of epicranial suture, m, mandible, im6, neck 
membrane , nuf, maxilla , o, ocuput , oc, ocelli , os, occipital 
anture; pjg^ postgena, po. postocctput; pos^ postoccipital 
entuce; M Invai^tioa of postenor ann of tentonum; t, 
mandibular sderite ; v, vertex 


especially Qrthoptiaa. an 
ds on either side to end hetmeit 
the ivro points of axtknkdkm el 
the mandihle. The 'sueas pos* 
terior to this sutnre are the 
put dorsally and the postgtu» 
laterally. .The pdstgente hear the 
condylar articulations for the 
mandibles. In BUma and Pm* 
pianeta only the lateral pacts of 
the ocdpitai suture are evident 
and are often termed postgenal 
sutures. The dorsal and lateral 
margii^ of the occipital fosamen 
are commonly bordered by a nar- 
row rim or postoedput with which 
the neck membrane is di^tly 
continuous. This rim is marked 
off from the rest of the craniam 
by a groove*or jpstocdpiUU suture 
which ends at the posterior ten- 
torial pit cSi either side. Along 
its course this suture is inflected 
to form an internal flange to 
which are inserted the dorsal 
prothoracic muscles moving the 
head. 

The heads of insects are 
broadly divisible into two types 
(Fig. 6) depending upon the in- 
clination of the long axis and the 
position of the mouth-parts. In the 
hypognathous type the long axis of 
the head is vertical and the mouth- 


parts ventral : the occiptal foramen also lies in or near the vertical plane. 
In the prognathous type the long axis is horizontal, or slightly inclined 
ventrally, while the mouth-parts are anterior in position or nearly so. 



The prognathous <;ondition often involves an inclination of the pc 
fhHmen or it may retain its Vertical positkai owmg to ph 

ref^ of the head. This may be achieved, aa la tbe 
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ol li^eca, A^Mclcwatd extension of the po^nsentmn end fente. Or, 
as Colecfptem, a median ventral sderite <» gida extends from the 

ooc^yitsd linramen to the base of the submenttim. It occupies the area 
beteftaa pqstocdidtal sutures which, along with the posterior tentorial 
pits, have extended forwards on the head capsule. Where these sutures 
botliMi the gula laterally they are often termed gular sutitres. In most 
cases the gula and sub^entiun are fused into a single plate (Fig. zx) which 
may be termed the gtilamentum. 

la addition to the foregoing there are other sclerites of lesser importance which 
although uet of general occurrence, are nevertheless present in certain insects or their 
larySB. These are — (i) The antennal sclerites (Fig. 4). Each is a ring of cbitin into 
which the l»s^ joint of the antennae of its side is inserted, (a) The ocular sclerites. 
These are similarly annular in form and each surrounds the compound eye of its side 
(3) The mandibular sderite. A small sclerite dose to the base of the mandible and 
separated by a transverse suture from the gena : it is found in many Orthoptera 
(F^. 4 and 5). 


(b) The Antennse 

These are a pair of very mobile jointed appendages which are articulated 
with the head in front of or between the eyes. In the more generalized 
insects the anteunse are filiform and many-jointed, the joints being equal 
or sub-equal in size. They vary, however, very greatly in form in the higher 

1 ■ 
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ardie^ and cert^ of the joints are frequently diffemtiated £nffl| thtitf 
fdOovs. Hi the more spe^ized insects the anteima is divisible into scape^ 
pedicel and fiagdlom (Fig. 7). 

The scape is the first or basal joint of the antenna .and is ofteh consphm^ 
ously longer than any of the succeeding joints. 

The fedicd is the joint which immediately follows the scape. It is 
{nesent in geniculate antenna where it forms the pjvot* beitween the scape 
and fiagellum-. 

The flagellum (or clavola) forms the remainder of the anteima. It 
varies greatly in form among different families in adaptation to the particu- 
lar surroundings and habits of the species concerned. In some insects, 
particularly among Hymenoptera, the fiagellum is divisible into the ring- 
joints, the funicle and the club. The ring-joints are commonly present 
among the Chalcidoidea, where the basal joint or joints of the fiagelmm axe 
of much smaller calibre than the joints that follow, and are ring-lite in form. 
In these instances the name of ring-joints has been applied to theml The 
chib is formed by the swollen or enlarged distal joints of the antenna.1 The 
funicle comprises those joints which intervene between the ring-join^ and 
the club, or between the latter and the pedicel in cases when the ring-joints 
are not differentiated. * , 

The antennae afford important secondary sexual characters which are 
particularly well exhibited in the pectinated or bipeceinated organs of cer- 
tain male Lepidoptera, and in the densely plumose antennae of male 
Culicidae and Chironomidae. Functionally the antennae axe organs of 
special sense (vide p. 74) but in a few exceptional cases they are modified 
for other uses. Thus in the larvae of Chaoborus and its allies they aue 
adapted for seizing the prey, while those of the male of Meloe are used 
for holding the females. In larva of the Hymenoptera Apocrita and 
the higher Diptera the antenna are often reduced to minute tubercles 
or are atrophied. They are wanting in all Protura. 


(c) The Mouth-parts or Trophl 

These organs consist typically of the labrum or upper lip, the labium 
or lower Up, an anterior or upper pair of jaws termed the mandibles and a 
posterior or lower pair of jaws termed the maxUlce. Arising from the 
floor of tte mouth, is a median tongue-like structure or hypophaiynx, 
and associated with the latter in the more primitive orders are smaU paired 
lobes or superlingua. The mouth-parts vary in form to a greater degree 
than almost any other organs, the variation being correlated with the method 
of feeding and other uses to which they may be subjected. An examination 
ot the structure*of the mouth-parts, therefore, will give a clue to the method 
of feeding and frequently to the nature of the food of an insect. The 
various modifications which these organs undergo are of fundamental 
.importance for purposes of classification and are dealt with in the chaptm^ 
(fevoted to the different orders of insects. Most of the latter fall into two 
, dasses, viz., those with mandibulate or biting mouth-parts and those vdth 
Mctorid or haustellate mouth-parts. Both these functions are oombiimil 
in most CollemJmla and in the Hymenoptera : in the Haniptera, THymho* 
"***8 and certain of the IMptera the mouth-parts are adapted for pn^^iiig 
i. issues, of {fiants or animals. In the Ephemexoptera,. and eertain' 

.tea and Diptera these organs are greatly reduced or imib^fiamtiohal. 
The labrum (Big. 4) is a dmifle plate hinged to the clypem^ ^ 



/THE MCKJTH‘i»^BTS tf 


trf a. amomt of up and dow^ movement. It ovwlies tlie ba^ of 

t]]ee im<u»^bles and forms the roof, of the buccal cavity. MorpholojpcaUy 
it represents the most anterior region of the head and has secondarily 
acquit^ a* basal hinged attadhment Its ventral or pha^geal surface is 
usually provided vdth gustatory organs and forms the efdpharynx or mem- 
branous roof of the mouth. In many insects the epipharynx is produced 
in the form of h median fold which is more or less sclerotized. Among 
Diptera it is intimately associated with the elongated labrum and the whole 
organ is termed the labrum-epipharynx. 

The mandibles (Fig. 8) or true jaws each represent the basal joint or 
coxopodite of the t3q)ical Arthropod limb. They are adapted for cutting 
or crushing the food and frequently also for defence : more rarely they are 


modified into either sickle- 
like or stylet-like piercing 
organs. In the soldiers of 
the Isoptera they assume 
grotesque and inexplicable 
forms and in certain G)leop- 
tera {Lucanus, Chiasognaihus, 
etc.) they exlijbit •dimor- 
phism, attaining relatively 
enormous proportions in the 
male. Typically, the man- 
dible is a solid compact 
piece articulating with the 
head by means of a gingly- 
mus and condyle. The for- 
mer is a groove or cavity 
which articulates with a 
convex process of the clypeus 
and the condyle is a rounded 
head adapted to fit into a 
socket placed at the lower 
end of the gena or post- 
gena. Each jaw is moved 
by means of powerful ad- 
ductor and abductor muscles. 
In phytophagous insects the 
mandibles are bluntly 



Fig. 8 . — Mouth-parts of Blatta. 

z. Mandibles, ab.m, abductor muscle; ei.m, adductor museli; 
pr., prostheca ; 2 , Maxilla~c cardo; ft galea: I, lednia; m^p, 
maxillary palp; s, stipes; sft subgalea; 3, Labium— ri, gloata; 
ip, labial palp; mentum; /»ft paraglossa; pi», 
prementum ; m, submentum ; 4* Hypopharynx— rudiment otXt 
superlingua. 


toothed and often bear a . _ . 

molar w crushing surface near the base of the biting margin. In canu- 
vorous forms the teeth are sharply pointed, being adapted* for sewing UM 
cuttii^, and the molar surface is wanting. In certain ii^ts the mandibtes 
exhibit more or less evident indications of a secondary divismn into separate 
sderites. In the Machilidae (Fig. 9) for example, they are segments into ; 
a mbxini^ and distal piece, and traces of several sderites are found, in' ■ 
Ceimia, Copris and other Coleoptera. In some cases a fieidble plate car 
fringed with hairs, is present on the ^er border of the mahdi^ 
aiad has b^ ineorrectly homologized with a lacima. Mandibles are wanthag 
m rnahy adult Trichoptera and the v^t majority of Diptera, and 
; ab»ml or Vtotigisd in almost all Lepidoptera. ^ • 

bWt imaxUia (Figs. 8-10) axe composed of the foUowjng sderites. The 
fiiat or proximal piece and, in many insects. Is the only 
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fuUm diiectfy «tt»dMd to « 

a, tlie dirtal Iwtder rf the orao ^ Ui. 

PPt ^ 

ttj: ,«> tte 1.0.™ or ^inJo^ or iKftfc 

tscwnposed of two lobes . rjattiallv overlaps the laciai^t 

the&r i. often I 

giiixr the nmner of a it is fused with the suhgal^, 

toothed on its inner gal^a In certain cases {e.g. many 

it has the appearance of carrying the gale ea^ flaax> , 

ilia carries a ^ngle wbe or 
mala which is possibly \hom^ 
logous v*th the gale^i the 
lacinia being undeveloped. 
Functionally the maxillaeiare a 
pair of accessory jaws.xtheir 
ladnise aiding the mandibles 
in holding the food when the 
latter are^extended, as well as • 
assisting in mastication. In 
many of the higher insects the 
maxiUss are so greatly m^iftod 
that they no longer retail any 
evidences of their primitive 
structure. In piercing insecte 
they are styliform and their 
palpi atrophied. 

The insect maxilla is to be r^ 
garded as the highly modified 
^tive of a walking limb, whose 
main shaft is represented by «w 
palpus and base by the cardo and 
stipes. Hansen, and also Crami^ 
ton, claim that a reduced 
element, the palpfer, enters 

the formation of the limb b^. Cm 

this interpretation the gal^, and 
lacinia are masticatory lobes,' dr 
endites, of the palpifer and 
respectivdy. BStner and 



Pml p. — M oUTH-PAKTS of PtTMOMlOS MAMJttMBI. 

.k«rvn. 


respcwwv^ijr. n-»w***w* ^ 4 ' < 

/;i^b&yii^ns of a nngle endite of the stipes. i',’' 

. : 1^ superUngwB (often termed m^ulae) aw a ^ 

in the MachilidsB each is distajly deft and bears an 


iJesent in a 

diwed condiUon m oiner nianai»u«n.c orders, ^ 

*921). ^nsen (1893) and several rooiphotagists 
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IxHabkjl^xedtbe sii^^erliB^liaa witli: ihe Cra^aceaa. nwty il h Jgi» Wace regard* 
jdi^.as true Cramptm (X92X), ^ the other hand, states 

th^ sare l^vsmcdogtne /with the para^ths of Crustacea, whi^ have 
2«3ht|i^'. with 1^ h^pophaiynx in those animals. *^6 term maxil- 
hilft, therefore, is uudesirable since it im^dies an homology which is unproven. 

The teWww (or second, maxiUa) (Figs. 8 , g, xi, la, 13) is formed by 
the fusion of a 'pak of appendages serially homologous with the maxillae. 
The oom]^tcmes$ of the huion that has taken place varies greatly in diffocent 
ord&m ^ insects, and evidences of the original pair^ coi^ition are dbarly 
s^i^ aunong the lower orders. The labium is divided into two primary 
re§?d**s— a proximal postmentum and a distal premenPum, the line of division 
between, the two being the UMdL suture. The muscles of the palpi and the 
lobes OTiginate within the body of the prementum and consequently 





Fio. 10 .-— Right Maxilla 

(VENTRAL ASPECT) OF A 

Beetle, Nmbmia bmxvj- 
cowt. 

tf, cardio; gu ft> ptojstmal anil 
distal polnis fiiuea ; I, ladnia ; 
>» pa^ ; pf» palpifer j s, s, stipes. 



Fig. II.— Labium (ventral 

aspect) of NMBBIA BBMVt- 
OOILIB. 

gm, gulamentum j I. Ugula ; m, 
mentum; p» palp; pgr, palpigcr. 



Fig. 12. — ^Labium of FdEpf- 
ouiA (ventral aspect), 

l, ligula ; gitl, gula ; «i, fDeptiUR; 
p, palp ; pgr, palpiFer ; nit, 
turn; sffi, submentuaL 


anterior to the labial suture. The median retractor muscles of tl^ pW* 
oa the other hand, arise in the postmentum and have their ii^rtic^ 
on tJie' proximal margin of the prementum (Fig. 13)* The relaiion^^ 
of tnuscles, therefore, aid in detennining the homologies of the main 
paifts of the labium. The postmentum remains as an undivided plate, m, 
ex^ple, the Thysanura and Isoptera. In many Orthoptera a distal . 
sdb 4 ie or mentum is developed immediately behind the labial suture taA 
thft j^ximal area of the origmal postmental plate is termed the submAi^m ». , 
is frequently ill-defined and is without muscle attachmept^. : 
hi <Erda 3 it appears to have atrophied and in such cases the 

biEfi^bial plate is the submentum. Near the base of the ptementtoai 
on eitto side, is the palpiger which carries the labial palpus and bften; 
a basal joint of the latter. The labial palpi are coas|)bs^ 

UM tb four joints and they function as sensory ox|[ans.^ Axisxnig; 

of the prementum are two pairs of lobes winch coUecthi^iy ' 
vis. : — an outer pair (nr paraglossee, and* an inner 
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ehs^. More usually, the latter organs are fused to form a median ghssd 
or the prementum may bear a single median lobe to whicli the general term 
t^jula is applied. 



Pig. 13. — bright, Labium op Grtlioblatta (adapted from Walker). Left, Labium of 
Mabtotrrmrs (original). In both figures the wall of the prementum has been removed 
to show the musculature. 

a.p, abductor of palp ; a\p*, adductor of palp ; f.g, flexor of glossa ; f.p, flexor of paraglossa ; labial sliture ; fi»i 
mentuffl ; p.m, postmentum ; r l, median retractors of prementum ; sm, submentum. 


In Fig. 14 the homologies of the sclerites of the labium with those of the maxillse 
are indicated. The glossae and paragloss® are the counterparts of the laciniae and 
galeae respectively, while the labial palpi are homologous with similar organs of the 

maxillae. The two lobes of the primi^ 
tive divided prementum are clearly 
traceable as the representatives of the 
stipites which, in most insects, undergo 
fusion. The only part comparable to 
united cardines is the postmentum, but 
it is possible that the median part of 
the sternum of the labial segment is in- 
corporated in this sclerite. The true 
morphological explanation of the post* 
mentum is unsolved and further em- 
bryological data are needed. The 
mentum ""has frequently been homo* 
logyzed with the stipites, but since the 
former sclerite is a secondary develoi>* 
ment it is of little morphoiomcal im* 
portance and the homology reiexted to 
is untenable. 




Fig. 14, — ^Diagram showing Homologous 
Parts in Maxilla ( 1 ) and Labium (II). 


5, itlpM; j, ^a; g, galea; p, palp; 
dfer (or palpiger in IX) ; af, sternum. 

The hypopheaynx (or 
(Fig. 9) is a median tongue-like process arising from the floor Cf the 
^Uth-cavity, and bearing the aperture of the common salivary duct., tbe 
. ssiparlihgase are always closely associated with the h3fpoplmynx and, 
in many cases, their vestiges are fused with it on either side. In t he, 
Diptera the hypopharj^ is either awl-Uke or stylet-like, and in, 
cases it is as a piercing organ. 


SEGIOmAtZC^ Of THE EEiU) 


n 

(4) tile Stead 

AftOT an insect has emerged from tibe egg the completed head exhibits 
but' few dear mdications of its segmental orig^ apart from the fact that 
it carries paired appendages. As long ago as i8i6 Savigny conduded that 
the movable appendages of the head were serially homologous with legs. 
As each segment only bears a single* pair of appendage it was evidmt 
that at least four segments enter into the composition of the head, i.e., the 
antennary, the mandibular, the maxillary and the labial. Huxley in 1878 
recc^nized these four segments and pointed out that the crustacean second 
anteimse were wanting in insects but, if their segment be presumed to be 
retained though without bearing appendages, and the eyes be taken to 
represent the appendages of another segment, the insect-head is composed 
of six segments. Janet (1899), from a study of ants, considered that nine 
segments enter into the composition of the head, but his results have not 
teen accepted. It njay be said, therefore, that Huxley's condusions were 
the most satisfactory that could be derived solely by means of comparative 
morphology. The foundation of modem knowledge of the segmentation of 
the head is mainly embryological and is due to Viallanes, V^eder, Uzd, 
He3nnons, Wiesmanif and other workers. The results of their researches 
have been to establish definitely the existence of six cephalic segmaits in 
all insects. Embryotogy affords three fundamental characters which provide 
the strongest evidence with reference to segmentation, viz., the existence 
of paired appendages, of neuroraeres and of primitive coelom sacs. On the 
basis of these three criteria the segments which enter into the composition 
of the insect head may be shown in tabular form as below : — 


Segment, 

Neuromere, 

Coelom Sacs, 

Appendages. 

I. Ocular 

Protocerebrum 

Present 

Embryonic 

2. Antennal , 

Deutoccrebrum 

do. 

Antennae 

3. Intercalary 

Tritocerebrum 

do. 

Embryonic 

4. Mandibular 

Mandibular ganglion 

do. 

Mandibles 

5. Maxillary . 

Maxillary ganglion 

do. 

Maxillae 

6. Labial 

Labial ganglion 

do. 

Labium 


With regard to the first and third segments further conunent is neces- 
sary. The ocular segment is dearly established on account of its wdi- 
defined neuromere, but coelom sacs and appendages have only so far been 
detected among insects in the embryo of Carausius by Wi«mann : they are 
also present according to Heymons in the embryo of Scolopendra. The 
intercalary segment bears reduced appendages in the embryos of many 
insects. In Campodea (Uzel) and the grasshopper Dissosteira (Snodgra^) 
rudiments which appear to represent these appendages are discanible m 
the adult; . 

HanstrOm (1928), from a comparative study of the brain in Annelida and ArOixo- 
ppda, daims that in the latter animals the brain consists of two ganglia only, llte 
protoewebrum and deutocerebmm he regards as being secondarily di0eKsiltia^. 
iroin the awirfid archicerebrum while the tritocerebmm is claimed to represent, Ike 
tot pair of post-oral ganglia which have fused with it. The balance of evidoice, 
however, it agahist his theory which implies a head consisting of a prostomhua .(^id 
fmir. tegmenta in the Insecta. 

. . Ihp. theory of a y-segm^ited insect head is due mainly to.FoUotn (1900}. 
idSlini that a'neuromto exists between those of the mandibles and maxito.lM iaioi' 
been tahetantiated on embryologicad grounds. Hansen's view (leso) 
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9«9ir M trae c^tpeodagM Js. Oe Apterygots, W ooesiBt wilb pmgna^ bm w tMt 
.tencAogoiia witb il>em imjpties tiie existeace of jour gnatiutl segments, tfae^ 

■ iiaubily lacks ambtjRdogical suj^jort. 

Further informtion <hi the segmeotation of the insect head, together 
. liitibi lilorature, will be found in papers listed 

. jfegyi p. i86. 
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(/) The Cervicum or Neck Region 

The cervicum' is the flexible intersegmental 
region between the head and the prothmax 
(Fig. i). In its membrane are embedded a 
variable number of small plates termed cervical 
sclerites (Fig. i8). The latter are present in 
nearly all orders of insects but are best deveildped 
in the more primitive groups (Qrthopteta, Dm*- 
maptera. Isoptera, Odonata, etc.) ; in the hij^ec 
orders they occur in a more or less reduced cobr' 
dition. In their least mod^ed form the CK^^kal 
sclerites consist of paired dorsal, lateriad^ 
ventral plates of which the lateral paur ia. ^' 
special importance. The lateral sderites 
comprise two plat» on either skle wbiiit 
dosdy hinged together so as to form a fuibiiim 
betwe<m tlte head and protborax. The 
{date articulates mth the occipital condyle d the 
bea^, while the proxiinal plate is- hinged to 
prathortuflc epirtmuum (Fig. Lewitefe; 
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HBisctes pa«tooe4>ital^^ and from the pinthcndc to^m 

are to the lateraicetrlfial sd^tes ot thdr side. The contr^ion 

of miusciles widens the angle between the two plates of a pair and. 
in way, causes the pn}ttactu>n of the head. * 

The nxnrpholog^cai nature of the cervicum is highly problematical and 
the available evidence suggests that something more than an enlarged 
intersegmental region niay be involved. According to Snodgrass (1932) 
there is some embryological support for the view tlmt the postocdpital 
rim is a remnant of the labial segment and that a posterior membranous part 
of this region together with the anterior part of the prothorax enter mto 
the formation of the neck. 


Literature 

vaaBOEFF, 190^.-Uber 2>ennaptereii 1. Aufsatz : Versuch eines nei^ nstttr* 
lichm ' ^rstems auf vergleichend-morphologischer Grundlage und den Mikrothonuc 
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or Neck Region in Insects. Ann. Ent. Soc. Ant. xo. SNODGRASS, 1932,-Vide 
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THE THORAX 


{a) Segmentation of the Thorax 

T he essential morphology of the thorax was first clearly interpreted 
by Audouin in 1824 who pointed out that it is composed ^ three 
segments, the pro-, tneso-, and meta-thorax. This conclusion has 
received the confirmation of subsequent morphological and embrywogical 
research, while the composite-segment theories of Kolbe, Verhoe|[ and 
others lack sufficient support, and can only be regarded as untenablk In 
almost all insects each segment bears a pair of legs and, in the majottty of 
adult insects, both the meso- and metathorax carr^ a gair of wings. In 
all cases where the legs are wanting, their absence is due to atrophy. This 
apodous condition is extremely rare among the imagines but it is the rule 
among the larvae of the Diptera, and also those of certain families of Coleop- 
tera. All hymenopterous larvae, excepting those of the sub-order Symphyta, 
are similarly devoid of legs. The absence of wings, on the other hand, 
may be an ancestral character as in the Apterygota, but among the Ptery- 
gota it is always an acquired feature due to the atrophy of pre-existing 
organs. The thorax is exhibited in its simplest form in the Thysanura, 
in certain of the more generalized Pterygota and in the larvae of many 
orders. In these instances the segments differ but little in size and pro- 
portions, but usually with the acquirement of wings, a correlated specializa- 
tion of the thorax results. The meso- and metathorax become more or 
less intimately welded together and the union is often so dose that the 
limits of those regions can only be ascertained with difficulty. In orders 
where the wings are of about equal area these two thoracic segments are of 
equal size (Isoptera, Embioptera, Odonata, etc.). Where the fore wings 
are markedly larger than the hind pair there is a correspondingly greata* 
develojnnent of the mesothorax (Hymenoptera, and also Diptera where 
the hind wings are absent). In cases where the fore-wings are small there 
is a correlated reduction of the mesothorax (Coleoptera). The prothorax 
never bears wings and is also variable in its degree of development. Its 
^rsal region may be enlarged to form a shield as in the Orthoptera, Coleop- 
tera and Hemiptera-Heteroptera : in most other orders it is reduced to a 
nmroy? annul«|f segment. 

[h) The Sclerites of a Thoracic Segment 

: When describing the sderites and regions of the thorax the prefixes! 

and meia are used according to the segment to whhi ^ reference 
ap^hs. Thus the expression protergum refers to the tragum of 
; an 4 mesepimerw to the epimeron of the mesotluxrax. The 

and post 2^ a]so used to designate certain sderites of any ooe.of';i^e 
Moments and iiwsuch cas% the prefixes pro, mero^ and naeta 

■ . - . • ' ' aO ■ ■ ' y’"., 
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applied; For example the prescutum may be present on each thoracic 
segment in front of the scutum. 

The Terg^tes.— In many larvae and pupae, and also in the adults of 
certaih of more generalized insects, the tergum of each segment is a 
simple undivided plate or notum. In the wing-bearing segments of most 
adtdt Pterygota the tergum is composed of a large anterior plate or notum 
already mentioned, • and a narrower posterior plate or postnotum (post- 
scutellum or pseudonotum of some authors) which has arisen in the inter- 
segmental membrane. The notum is typically divided into three sclerites, 
— the pr£scutumt the scutum and the scutellum (Fig. 16). At the sides of 
the pronotum in many Lepidoptera are lobe-like structures known as 
patagia. 

The Pleiirites (Figs. 17-19). — ^The pleuron consists of an anterior 
sderite or episternum and a posterior sclerite or epimeron, the two being 




Fig. x6. — ^Mesotbrgum of a Cranbfly, 
SHOWING Division of Notum into 
THREE Sclerites {Psc, Set, and Scl) 
BEHIND WHICH IS PoSTNOTUM (PN), 

AxC, axillary cord; ANP, anterior notal win^ 
process ; PN, pn, postnotum ; PNP, posterior nota! 
wing process ; Pph, post-pbragma ; P^c, prescutum ; 
Rd, posterior reduplication of notum ; Scl, scutel* 
lum ; Set, scutum ; u, lobe of prescutum before base 
of wing. After Snodgrass, Proc, V.S. Nat. Mus, 39. 


Fig. 17. — Metathorax of a Stonefly, 

LEFT SIDE. 

Cx, coxa; CxP, pleural coxal process; Epm, 
epimeron ; Eps, episternum ; F, base of femur ; 
N, notum ; r, epistcrnal parapterum ; PN, post 
notum ; PS, pleural suture ; g, stemo-pleural suture ; 
S, sternum; Tn, troebantin- Tr, trochanter; WP, 
pleural wing process. After Snodgrass, toe. cit. 


separated by the pleural suture. In many insects, however, deviations from 
this simple condition are evident owing to the subdivision of the pleurites 
into seoondary plates, or their fusion with other regions of their segment. 
The anterior part of the episternum is frequently marked off as a separate 
plate, the pre-episiernum, which is mainly present in the lower ordo^. In 
n^y insects {Chrysopa, Corydalis, Tipida, Tabanus) the 'episternum ^ 
divided into an upper and lower sclerite. These two sclerites have been 
termed by Packard the supra-episternum and infra-^sternupi respectively. 
Not infrequently the lower portion of the episternum is fused up wim tiie 
sternum, as m Diptera, and the compoimd plate thus formed is the stemth 
fUmiU ^Crampton) or sternopleura (Cteten Sacken) . The epimeron, likewise, 
IS sometimes ^vided into two sclerites by a transverse suture. A iwcog* 
tdz^ .tennindi^ applicable to these sderites similarly does not eidst/i 
yxjppex ^te the name supra-epimeron (or pteropleura) idie; 
for the lower plate may be adopted. When the 
is fosedwith the sternum the combined sclerite b knowh 
^ . Ih many of the higher insects the pleuron is usuaSiy 09 i;bMMX»d 


e$¥ 
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and fused with tergu^ 1ay/awatt« 
of downward p«dongatkffls .irf tlse 
, prescutuui and postnptiun. 
S«nrailas.^T^ 

of the stemites dates' ; 

. 1830, who believed ttiat ea^ tlMrS^ ; 
• segment is coniposed of four tsegaafiSiti 
and, therefore, concluded t^ 

sternum is similarly divided in a fouTr 
fold manner. He accordingly 
duced the now well-known terms 
siermm, sternum, stemdhm and po^ 
sterneUum for the presumed smb^vi- 
sions. Snodgra^ (1909) adopl^ the 
term eusternum in place of the fexjte- 
sion sternum as ;the latter refem to all 
the ventral sclerites of a thoracK seg- 
ment. In the majority of insect^, two 
stemites are typically presentj^the 
eusternum and* stemellum : among 
Hymenoptera and Cweoptera the ster- 
nites may be fused together to form a 


x8. — Sternal and Pleural Sclerites 
OF Cervicum and Thorax of Blatta, 

Csrvlcuiil. B, Prothorax. C, Mesothoraz. D« 
IfetatliCMraj;. a, ante-oozal piece; d-clll, coxae; 
IstMal cervical iclerites ; csv, ventral ditto ; «, epistemum ; 
m, epimeton: p, pre-coxal bridge; sp, spiracle; $11, 
eust^um ; stemellum ; $1 V, poststernellum ; t t, 
tiP^antln. 

. . 

“^ngle compound sclerite. The 
^jeusUmum is a large sclerite of 
ivtoriable shape and frequently 
extends laterally and upwards 
ito the pleurai region ; at its 
there .may be separate plates 
■(hsternites of Crampton) as 
in"i£Opt(^ and Dermaptera. The 
:ia|m:!(%t«bute may become united 
episteteum of its side 
form the precoxal bridge. The 
prestofwm lies in front of the 
eo^mum and in all {xobability 
a d^ved frmn it : it occurs in 
tfaS 'jprDthorax of Ectpbia and 
“ * 'land tines 




Fio. 19. — SuRMAL AMD ’Piamkio. . 

OF Fwjen*. . 

.fa, 
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tRE 1SQ0 , 

thai«fii« tegmenta oC Ci^Ai and iMtitra (Qnanitton). tlie atmOhm is 
Has iRlecile immediaiely behind the eostemum and frequently beats 
the Jma <yide p. 93). Although nsaally fiSed with the etatemilm. it 
is <mniiid: in an three eegnumts of Capnia, and in the prothorax of Peri- 
pimeUi. The p(H!tstetnellum, aa its name imfid^, lies behind the ster- 
nellxtitt and ^y bear a median apodeme or spina. As this scleH te is 
often fused, either with, the segment iir front or behind, it is probaUy to 
be Ti^ntded as one of the ventral intersegmentaUa. 

{c) The Legs 

The legs are primarily organs for running or walking and are well repie* 
sented in their normal condition in a Cicindelid or Carabid beetle. They 
exhibit, however, a wide range of adaptive modifications in different families 
(Fig. 20). Thus in GryUotalpa and the Scarabseidse the fore-legs are modified 





^ THE motu^ 

kiv borrowing, and in the Mantidae for add helduHS^J^^'p^ 

contain families of butterdies the forelegs are so mueh.i^tUied'f^t in 
these insects there are only two pairs of fnnctionaJt, limbs! |a fhe' s^dta- . 
tmdal Chthoptmn, and PhyUotreta and o^er genera qf 'Ccdedpti^.- ^ hind' 
femora are greatly enlai^ed in order to accommodate the powerful bxtehsor?; 
muscles which are iised in leaping. Among the Odpnata all the 1 ^ -are 
adapted for seizing and retaining the prey and are steely', if evei, used, foe 
Idbomotory purposes, while in the Bombyliidse the slender legs are-used' fcdr , 
alighting rather than walking. In aquatic insects they are often apedall^' ! 
adapted as swimming organs. Each leg (Fig. 22) consists of the foUoodng. 
parts, — coxa, trochatUer, femur, tibia and tarsus together with certain basid,. 
or articular sclerites. , . 

The Basal Articulations of the Legs (Figs. 17 and 19). — ^The coxai or 
proximal joint of the leg articulates with the ^pdy by means of the coxal 
process of the pleuron and with the trochantin when the latter sdimte is* 
present. The coxal process is situated at the ventral extremity of the 
pleural suture. The trochantin is the articular sclerite situated at thq base 
of the coxa in the more primitive orders. It frequently unites with fUjeigh- 
bouring sclerites, or it may be divided into a pair of plates. Betweeh. the 
single or divided trochantin and the epistemum, or between the trochantin 
and the precoxal bridge, there is frequently an inner sclerite or antecoxal 
piece. The homologies of these small basal sclerites ift different insects have 
been much discussed and it is probable that they are derived from an 
original subcoxa (see below). 

The Subcoxa is the true basal segment of the primitive leg, but it is 
either reduced or much modified in all insects. It is only rarely represented 
by an imdivided sclerite as in Machilis (Fig. 225) and a few other Apterygota 

where plemal sclerites are un- 
developed. Among the Ptery- 
gota, Hansen (1930) regard 
the trochantin as its sole rem- 
nant, but it is more generally 
conceded that this sclerite is 
only a small part of the sub- 
coxa, the major part probably 
Fig. si. — Hind Leg and Pleuron of Mature having become incorporated 
Nvmfh of r/Fio/FA SMrT,„DMc,M. thc thoracic waU to form 

the pleural sclerites (vide Snod- 
grass, 1929). This view is sup- 
plied by the condition found among Apterygota and in certain inunatuie 
Pte^gota. Th^,in the cicada (Tibicina) the large subcoxa shows difiieren- 
|iation into rudimentary plemites with a small basal piece or trodumtin 
(Fig. 21). 

The Coxa. has replaced the subcoxa as the functional base of the If g - 
It fe frequentiy divisible into two lobes by an inflexion of its wall udiere it 
aiiiculates with the pleuron. The posterior lobe thiB delimited is the mertm 
which is usually the larger part of the coxa. A meron is well devdkfoed 
■\t!k Pmplaineta, the Isoptera, Neuroptera and Lepidoptera. 

■#* the.’ Trochanter is the second division of the 1^ : it articulates wit^, Hh# 
wxa but is usually rigidly fixed to the femur. In tiie Odonata it is idivid^d 
mto two subsej^ents and amcmg the parasitic Hymenoptero' n ^focood 
tn?(^siHit«:, derived from the base of the femur, is present : 

JRMtttw.-^The f^ur usually forms the laigrat regioil. .fli 



tHE fJEOSJ p 

pmt insects which have the of 



, ^ -The fourth div^ 
sioBm'thd'l^' is .known as the 
tibia V it is ahnost £dways sdender 
and' frequen^ equals or exceeds 
the fmad^^ 'in length. . Near its 
distal, extremity it carries one or 
more tibial spurs. In many 
Hymmioptera the enlarged apical 
spur of the anterior tibiae fits 
against a pectinated semi-circular 
pit in the 'first tarsal joint, and 
the anteimae are paissed between 
these two organs for cleaning 
purposes. , 

.The Tarsus consists primi- 
• tiyely of a single segment, a 
feature of which is present in the 
Protura, entognatJious*Thysanura 
and in some larvae. More usu- 
ally ,,it is divided into subseg- 
ments, t3pically five in number, 
but none of these subsegments 
have acquired muscles and move- 
ment of the tarsus ais a whole is 
effected flexor muscles arising 
from the tibia or femm. At its 
apex the tarsus bears a group of 
structures forming the pretarsus 
(de Meijere, 1901) which represents the terminal segment of the leg. In 
its simplest condition, seen in CoUembola, Protura and many larvae, the pre 

tarsus is prolonged into a single claw. In 
most insects the claws are paired aind be- 
tween them, on the ventral side, the pre- 
tarsus is supported by a median jlexor plate 
to which the tendon of the flexor musde of 
the claws is attached. In firont of amd 
above this plate the pretarsus expands into 
a mediain lobe or arolium (Fig. 23). Among 
Diptera there are two lobes or puvilU lying 
below the claws, often with acn arolium b^ 
tween them or, in place of an arolium, the 
flexor plate itself is probnged into a me^jan 
bristle or empodium (Fig. 24). On the under- 
side of the tarsal joints thore are frequenti.y 
pulviUus-like organs or pUmMee (Fig. 22). 
The arolium and pulvilli are pad-Hke mgan» 
enabling their possessors to climb smoqtH 
or steep surfaces ; the plantulae also have 
a Similar function. Sud^ organs are 
Srowito ipf .'tlie parte from wMch they arise and their cavities 
^ explanations have been offered as to how they 


“A Typical Leo of an Insect (LeeTj 
Hind-leg of Blatta). 

cv, coxa vera ; m, meron ; fr, trochanter ; /, femur ; H, tiUa ; 
is, tarsus ; c, claws ; arolium ; p, plantuls. 



FtG. 23 <<h^Frstarsu8 of an Or- 
tiiqftsron» ventral view. 
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■$p«iyiiz 1 ^. T(aM XS84) and among recent l&vtei 4 i^oil«ia«e .A^;^^ 
'<i923j and Gdlett and Wiggleswmlh (1932)- In ^ lirr^Me. AralUirdt 

states that the andia foaction 
by adh^^on to ,s(ufttoe 
upon wldch the msect cUmbs, 
the ventral face nf jhaandrnoi 
being pimistened bj^ vh . 
secretion emided hy 
hairs inunediately b^lpnEl/ 
Rhodmus (Eeduviidee) GiBeit 
and Wigglesworth found that 
the tibial plantulse are do^y 
covered with tenant hairs of 
pecjjliar form and thai^ alnfity 
to climb probably impends 
upon the adhesion m »idi 
hairs to a given surfac|. This 
same method of funq|ioning, 
probably prevails in many other insects. %, 

Locomotion (Terrestrial). — During walking ah inject usually moves 
its legs in two series in such a manner that the fore- and hind-legs of one 
side, and the middle leg of the opposite side, pi\>gress forward almost 
synchronously. By this means the body is supported as it were for the 
moment on a tripod formed by the remaining three legs. The anterior 
leg functions as an organ of traction : having extended and fixed its claws, . 
it pulls the body forwards by means of the contraction of the flexor ncjuscle 
oi the tibia. The function of the hind leg is mainly that of pushing the 
body forwards, while the middle leg serves to support and steady the body 
and determines its movement in the vertical plane (Demoor, 1890). For 
detailed information on the subject of terrestrial locomotion, and riie 
inedianics of the process, reference should be made to the text-books of 
Packard and Schrdder. 


|?lO. 24. — Feet of the Males of A» Abhus 

CBABRONiFOBMiB \ B, LXFTia FOTATA. 

Ct dftw : in A, empodium : in B, arolium ; p, pulvillus ; I, last 
tarsal joint. Aftir Verrall. 


id) The Wings 

The presence of wings is one of the most characteristic features of insects, 
and the dominance of the latter as a class is to be attributed to the possession 
of these organs. Owing to their wide range of differentiation, wings provide 
one of the most useful characters for purposes of classification. In virtue 
of its more or less triangular form the wing of 
an insect presents three margins (Fig. 25) ; 

anterior margin or costa (a-^) ; the outer 
or apical margin (b-c) and the inner or antU 
irmgfn (o-d). . Three well-defined angles are 
also recognizable, viz., the humeral angle (a) 
at the base of the costa ; the apex (b) or 
angle between the costal and outer mar gins 
and the anal angle (c) between the outer and 
4 aner margins. Although, in the greater 
nmnber of insects, the wings appear to be naked, in m»ay 
oiObjfieal examination reveals the presence of fine hairs. On lidliar 
IwnA in certain groups the wings are obviously clotlml In tg 
^ and the dipterous family P^fEchodidse. for exuryplei tbSF 



Fig. 25. — Wing of a 
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• •*“dy otl^:lu(j^ocomh^:<tt tiie n^ecsof Hu m6»t 
pi'inubva gftmpii of tta Holcnnetafaola. ioe iomd ItuJiscinainatdy da 

tlM «uld vesta .alike. AfM>ra(fibki» or tnie tot«, wbl<ii ]^v» «»ni»Vr 

buea^ iOMftira, aie found on the main veins a^d tiieir btandies. on ttw anttodict^oa 
(p. 4 *).> ]«*• weqneotiy.on the wing membrane and very rar^y on the CRwa-veim. 
On toe dwppearance of tUe arcbedictyon, or of an individual vein, the miaoxotiiichia 
may penitt on tlw wing memtoane in their original positions ; their presence 
is 3!e8M4M'^'Till}|axd as evidence of descent from more densely veined ancestors.' 
5? positions of the macrotrichia presort on the wing membrane in such 

prii^trye mnns as Archtduutbndes, Rhyacophila and Rhyphus, and joining thChi up 
into a~^iy^nm tneshwork, the lost arcbedictyon can often, to some extentj be- 
reconstimcted (Fig. 26). 

A conspicuous opaque spot is found near the costal marg io of the wing 
in many insects, and is termed the stigrtia or pterostigma (Fig. 25). It is 
present, for example,* in 
the fore-wings of the 
Fsocoptera, and most 
Hymenoptera, and in ^th 
pairs of wings, of the 
Odonata. 

The Basal Attflch- 
ment and Articular 
Sclerites of the .Wings. 

— ^Each wing is hinged to 
two jmjcesses of the notum 
of its segment, the an- 
iemr notal process and the 
postenornotal process (Fig. 

27, A). The wing also 
artkuktes below with the 
pleural wir^ process. The 
posterior margin of the membrane at the base of the wing is frequently 
strengthened to form a cord-like structure known as the axittary cord.. The. . 
latta arises, cm either side, from the p(»terior lateral angle of the notum 
(i?%. Vj, A). 

I^tiiated aroimd the base of each wing is a variable number of orUoular, 
scla^ which consist of the tegulae and the axillaries (Fig. 27}. 

^(paxaptera of some authors) are a pair of small scme-like sdkrit^ 
cafri^ at the extreme base of the costa of each fore-wing : th^r are raa^. j 
ptc^t'in coimection with the hind-win^. Tegulae are best devetofi^ ' 
in ^e teil^d^t^ Hymenoptera, and Diptera, being especially kr;gB lift ; 

order. The axiUaries (ptei^) par^pate .m 
of the comjdex joint by which the wing is articukted 
thoica^ According to Snodgrass they occur in all winged insects bat;itBi(ie;t 
modtisdoced in the Ephemeroptera and Odonata : in the two latter orden ' 
the wmg iMLse is directly continuous with the notum. As a rule, there of 
these, soerites are present, but a fourth occurs in the Orthoptera ahd-. 
HynuiiA^teKa. The jSrsi axiUary articulates with the anterior notal ptbeian . 
aaShchite^ with the base of the sub-costal vein. The second 

with the preceding sderite and, as q rule, partly .Wfail 
'the fadius (vide p. 39). The third axiUary usually articdhiii|;.‘ 
^ ^ notal process. When n fourth axOkay oocmsiiijt^lKI^-. 




Fig. 26. — Portion of a Wing ov Ramoa buxtss sHowii«9 
Macrotrichia and Microtrichia, AfUtr Tillyard* 
Proc. Linn. Soc. N.S.W. 43. 
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a double ‘articulation, i.e., with the posterior notal process 

and with the third axillary distally. For a lUOTe detailed treatm^t of 

these sderites vide Snodgrass (1929). 

In addition to the foregoing, there are present in rnany insects small 
epipletural sderites which are located below the insertions of the wings 
(Fig, 27). Although they are regarded as parts of the pleura they may 
be conveniently referred to here on accotmt of their close association with 
the wing attachments. These sderites are separated into two series by the 
pleiiml wing process. The anterior or basalar sderites are never more than 
two in number, and lie just above the epistemum, while the post«ior or 



Fig. 27. — ^Basal Articulations of thb Wings. A. Wing Base and Tergal Articula- 
tion. B. Upper Part of Pleuron of a Grasshopper with Base of Left Tegmen 

( 1 ^) UPRAISED. 

axillary sderites ; ac, axillary cord ; ap, anterior notal wing process ; bg, basalar sderites of mesothoraz ; 6m, 
baaalar sderites of metathorax : epg, epimeron of mesothorax ; epimeron of ntefathorax ; g,ig, epistemum of meso- 
thorax ; epistemum of metathorax ; pp, posterior notal wing process ; Sg, subalar sclcrite of mesothorax ; /, teguia ; 
^Ptt pwurm wing process of mesothorax ; wpg, pleural wing process of metathorax. Adapted from Snod^nrass. 

subalar sclerite is almost always single and lies behind the pleural wing 
process and above the epimeron. 

Modifications of Wings. — ^Although wings are usually present in adult 
insects a by no means inconsiderable number of species are apterous. This 
condition is a constant feature of the Apterygota, where it is a primitive 
character, but in the Pterygota the loss of wings has been secondarily 
acquired. The parasitic orders Anoplura and Aphaniptera are exdu- 
sivdy apterous, and the same applies to the sterile castes of the Isoptera 
md Formiddae, and to the females of the Coccidae. Among other Ptery- 
gota, apterous forms are of casual occurrence, and often confined to a 
Single sex or spedes. Thus, in the moth Hybemia defoUaria, and most 
gmbiidae, the females alone are apterous, while in the Chaldd genus Blasto^ 
phaga it is the male which has lost the wings. Transitional forms between 
the, apterous and the fully winged condition are found. In the moth 
fHwrnsa fagella, for example, the wings of the female are lanceolate appen- 
dages, but little more than half the length of those of the male, and useless 
for light, In the winter moths {CheinuUoUa), and in the fly Chtnio marinus, 
the^are reduced in the female to the condition of small flap-like vestiges. 

IHbroughout the Dipteia, and in the males of the Coeddse, the hind, 
are wanting, and are represented only by a pair of slende^ process^) 
in the IHptera. are termed hatteres. Among the Coleopt^, tiSxs 
mre nm^ hardened to form homy sheaths or wlu<^ ; 

’^'l^d-Wings when the latt^ are in repose. In the |feme 



■ 'TKE-'WINSS-' ■ "35 

«Eu| of ^ Stylopids, tlie diytra are redtKsed to tle’ccmdition 

of smaQ 8cate>Uke .a|]{>endafes. On tiie otha hand, hi certain Ourabidse 
aii4 Cnrculionidse, the hind-wings axe atro|Med and the function of flight 
is ia^ In ’-the HeterOpt^a the fore-wings are thickened at their bases 
lidre ^^3^ and, for this reason, are frequently termed hemdyira. Among 
the Qrthoptera, the fore-wings are hardened and of a leatiiay consistency, 
being known by many writers as tegmina. 

The Wing-Coupling Apparatus.— There seems little doubt that, in 
the primitive Pterygota, the fore and hind pair of wings moved indepen- 
dently of each other, and that coincidence of motion was a later acquisition, 
consequent upon the development of a wing-coupling apparatus. The 
studies of Tillyard (1918) indicate that, in those orders in which the Mrings 
were more or less hairy, the marginal macrotrichia probably became special- 
ized and locali2»d ,to form a locking mechanism. The most archaic form 
of the latter consfeted of a projecting bristle-bearing area or lobe on the 
hind margin of the fofe-wing and a very similar structure on the costal 
margin of the hind-wing. Thus, in the fore-wing the backwardly projecting 
area of contact with the hind-wing is the jt^al lobe, bearing a series of 
jugal brisiles : similarly, the 
area of contact of the hind- 
wing with the fo/e-wing is the 
humeral lobe, and th» bristles 
projecting therefrom constitute 
the frenulum (Fig. 28). The 
wings of a side are interlocked 
by the frenuliun projecting 
beneath the jugal lobe of the 
fore-wing, and the jugal bristles 
lying above the costa of the 
hind-wing. The nearest ap- 
proach to this archaic con- 
dition is exhibited among 
certain of the Mecoptera. 

Thus, in Teeniochorisia the jugal lobe and its bristles are retained unmodi- 
fied and there is a small definite humeral lobe, but the frenulum is reduced 
to the condition of two very powerful bristles (Fig. 28, B). In most of 
the Hymenoptera the costal margin of the hind-wing bears a series of hooks 
or hamuli, whose function is to grasp a ridge-like thickening cilong the inner 
margin of the fore-wing. In the majority of the I^pidoptera the wings 
are held together by means of the frenulum which is maintained in place 
by a kind of catch or retinaculum on the fore-wing (Fig. 28, D). In moths 
of the family Hepialidae the jugal lobe or jugum of the fore-wing project^ 
beneath t^ie hind-wing and, owing to the greater part of the inner margin 
of tho fqre-wing overlapping the hind-wing the wings in this manner bepome 
interlock^ (Fig. 28, C). 

The Structure and Development of Wings.— Wings are thin ifla^- 
Uke expansions of the integument which are strengthened by a framewotlc 
of hoibw ddtinous tubes known as veins or nervures. A wing is com|i6sed 
of upper and lower layers which may readily be separated in an insect 
whkm has just emerged from the pupa. Viewed in transverse sec^fi 
(Fig. ?9), the veins are seen to be much more strongly chitinized Ifraa 

i^senibrane and each, as a rule, encloses a small central trachea. A fill# ' 
filMfe accompanies the larga: veins of many insects. (Mo^ey, i^jf A 



Fig. 28. — Types of Wing-coupling Apparatus. 

A, hypothetical generalized type. B, Mecoptera (TfeniocHorista ) ; 
C, Hejualidro {Charagia) i D, Noctuidae {PUtsta), 1, fore-wing; 
2 , hind-wiiig ; j, jugal lobe ; ym, jugum ; b, jugal bristles ; h, 
humeral lobe ; f, frenulum ; r, retinaculum. After Tillyard, 
Proc, Linn. Soc. N.S.W. 43. 
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a trachea kpovm as " $emper's i$ {imM jh 

i^omg 0 fi the ordinaiy trachea vdthin the veitt cavUyf m 

haAect emetiges from the pupa or nymph, as the ease may he, the veins 
contain hloro whidi has been observed to drcolate through^* them, end 
evien in the fully formed ivings the circulation is often still mtdntained. 
At an early stage in formation, wings are seen to be sac-Uke outgrowths 

of the body-wall, which 
they resemble in histo- 
logical structure. Whether 
they are tergal or pleural 
(or both) in nature ii a 
disputed question and the 
opinions of various ob- 
servers are conflicting. On 
ice of 
le con- 
clusion that then are 
tergal structures, m the 
more primitive orders, 
with incomplete flpieta- 
morpho^, they aris 4 ex- 
ternally, but among insects with complete metanmrphosis they remain 
within the body until they attain an advanced stage of development. 

In insects with incomplete metamorphosis the wing rudiments first 
appear externally in post-embryonic life along a line where the suture 
between the tergum and pleuron later develops (Comstock, 1918). In 
most nsmiphs they are so directly continuous with the tergum that they 
have the appearance of being postero-lateral outgrowths of that region. 
The external changes 
during growth are com- 
paratively slight and 
mainly consist of an 
increase in size after 
each moult.. When the 
adult stage is assumed 
the wings become fully 
expanded, and the vari- 
ous structural changes 
are completed. In 
transverse section (Fig. 

30) the developing wing 
Is seen to be. invested 
Ixternally by the cuticle 
and, laying just beneath 
the'latter, is the hypo- 
dermis which is com- 




Fio, 29. — THansverse Section of a Vein and Adjacent 
Portion of the Wing-Membrane of a moth, JVoro- 

JtaStA CAMBUlfA. 


Vt upper ; L, lower surface ; v, vein ; h, remains of bypodermis ; f, 
tfibbea ; e, cuticle ; blood corpuscle and b plasma ; m, basement mem- 
' faMne ; r, Semper’s ilb '* ; s, scale socket. 



posed for the most part of greatly elongated cells ; internally the 
dermis rests upon a basement membrane. During early djsvelopiin^ 
trSdheal branches enter the wing-buds and extend as the lattm^ 
Jinqiptying the growing wings with air. In many places, the teieniilitt 
mwabirane of the upper and lower layers subsequently meet aad mAe* 
alotig the cotuses of the trachese it remains separate, tbns 
latiaif the cavities of the future veins. In a surface view or a dswieiiisv 



Fio* 3 **““Kvpothetical Primitive Type of Venation (for reference lettering vi 4 e 
pp. 39 and 40 (convex veins +, concave veins — ). 

formed alraut the tracheae and, as the latter are very constant in number 
and position, they provide valuable data for determining the homologies 
of the future wing veins. During the final stages of development the 
hypodenhis secretes the 
thickened circular walls of “ 

the veins and also the wing 
membrane, but very little 
tra^ of its cells persists in 
the fully expanded wings. 

Comstock and Needham . 

(1898-99) have made a com- ^ 
parative study of the wings 
of nymphs and pupae which " Cv. *'“■2 
rendora it possible to con- ' 

stnmt the hypothetical trac- 
hedlion pf a wing of a primi- . 

tiv© nymph from which the - r ' 

fuudaiDratal type of wing H 

'mia^oh of each order of 
insect is juPsumed to have 
Two distinct 

tr^eae alter the -™«'* ^i' 

iv^^w'^cpstO'iadial group _ 1 1 , « 

aad^;^ culdto-anal group. B i { ft* 

Ihi* jotoditio^ is preserved ^ 

unmodified 

fotai.' sincmg the Blattidae, Fig. 32.— Tracrbation of Developing FoRs-WfuQi 

arf Hcanqrte^ ^ 

ttnallyp however, the Comstock. (For explanation of lettodog/ ivfa#; 
t 1 f!d.j|(id^p 9 aa:e united by a P-39.) ^ ^ 

(Fig. 32). 

cmnfdete metamorphosis, the devebpment of the iHii^ 
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has been IfoUowed much more closely than in the case of the lowen orders. 
It presents many remarkable phenomena which have attracted the attention 
of numerous investigators, among whom Weismann, Gonin, Kunckcl 
d'Herculais, Pancritius, Mayer and Mercer may be specially mentioned 
(vide also p. 201). The wings arise from imaginal buds or tMckenings of 
the hypodermis, usually in the neighbourhood of one of the larger trar^ese, 
and are evident in the very youitg larva or even the embryo (Fig. 33). 

These buds become eidaiged 
and invaginated to form 
pocket-like sacs, or penpo- 
dial cavtites (Fig. 33, c), from 
the bottom of which the 
tliickened portion of the bud 
ultimately becomes evagin- 
ated. At the same time, the 
walls sof the pocket Become 
extremely thin but retain 
their connection with the 
hypo^pmiis. At a \later 
stage, the» evaginated \ por- 
tion elongates and comes to 
hang downwards , it is this 
evaginated portion which, at 
a later stage, forms the wing. 
Subsequently, the wing rudi- 
ment, as we may term it, 
becomes pushed out of its 
pocket and, during the last 
larval stadium, it comes to 
he just beneath the cuticle. 
On the assumption of the 
pupal stage, the wing rudi- 
ments become evident ex- 
ternally along the sides of 
the body. '\^en the imago 
emerges, the wings appear 
as small wrinkled sacs which 
gradually become distended 
by blood pressure, and attain 
their full development usu- 
ally several hours afterwards. 
During their later stages of 
development the wing buds 
become supplied with tra- 
cheolcs. In Pieris, for ex- 
ample, during the 4th larval 
stadium a series of tracheoles arise as proliferations of the epithdium of 
the large tracheae associated with the wing bud. These tracheoles may be 
termed the larval or provisional tracheoles, and they extend in bundles 
into the developing vein cavities. A little later, the true wing tracheae 
develop as tubular outgrowths of the large tracheae, and extend into the 
cavities along with the larval tracheoles, which they supplant. During 
early pupal* stage the latter degenerate and disappear. Althou^ the 



33 - 


-SttCCBSSlVB Stagbs in the Devexopmbkt 

OF A WiNO-BUD OF PlEBJS 

of wing bud , e, /, surface views of fore- and hind wings 
to ahQiwtracheaiion , it, cuticle , d, wing bud f, hytxtderxmb p, \)tu 
po^ membrane , t, trachea From Comstock, after Mercer (Kc pio 
duced from Carpenter ** Insect Transformation ’*} 
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study of the tradieation of the papal wings has yidded unj)Otiant data 
fat ascertaining the homologies of the wing veins of the adults, there is a 
wide divergence in the extent to which the pupal wing*trache8e corre^ 
spend with- the veins of the imagines. Thus, among the H3nnenoptera, 
spedalization may take place to such a degree that the completed wing 
veins diverge very greatly from the primitive courses of the trachese. In 
these instances, comparison with more generalized types aids in settling the 
identity of the principal veins. 

Venation. — ^The complete system of veins of a wing is termed its vena- 
Hon or neuration. The venation presents characters of great S3^tematic 
importance, but unfortunately the various s)^tems of nomenclature in use 
are confusing both to the student and the specialist. The establishment 
of the different systems was made by entomologists whose work was un- 
influenced by the modem conceptions of evolution. The result has been 
that the terminology of an individual author was usually only applicable 
within the limits of tlje particular order of insects which he studied. This 
lack of uniformity has made it incumbent upon the student to learn the 
particular nomenclature adopted by the authority whose works he may 
be studying. It is true, efforts have been made to introduce a common 
terminology for the vehation, which shall be uniform throughout the different 
orders, but, until *the work of Comstock and Needham (1898), little success 
had been achieved. Cy means of an extensive study of the tracheae which 
precede, and in a general sense determine the positions of the veins, these 
writers have constructed a hypotheticad type of venation from which all 
other types have presumably been derived. Furthermore, among the lower 
generalized orders the wings are longitudinally plicated after the manner 
of a partially opened fan. Those veins which follow the ridges aire termed 
convex veins and those which follow the furrows concave veins. These 
features are well exhibited not only in the early fossil groups but also in 
the may-flies, dragon-flies and Orthoptera : in the higher orders they tend 
to become obscured owing to the flattening of the wing membrane. The 
fact that the convex or concave condition is constant for individual veins 
aids in determining their homologies, especially where recourse to tracheation 
is not possible. 

While the researches of Comstock and Needham form the basis for the 
interpretation of venation their original conceptions have become modified 
by the more recent work of Lameere, Martynov and Tillyard. The foUowing 
longitudinal veins (named after the pre-existing tracheae) may be dis- 
tinguished, and reference to Fig. 31 sliows their relationships and main 
branches, together with the abbreviations in general use. The costa (C) 
is unbranched and convex while the subcosta (Sc) is rarely branched and 
concave. The radius (R) is t5^ically 5-branched : its main stem is convey; 
amd divides into two, of which the first bramch (Rt) passes directly to the 
wing margin : the second branch or radial sector (Rs) is concave and derides 
into four veins (Rt to l^t). The media (M) divides into an amterior media 
(MA ), which is convex and 2-brandied (MA t, MA »), and a concave posterior 
media (MP), which is 4-branched (MPt to MP*). The cubitus (Cu) divides 
into two main branches, the first cubitus (Cui) ^ing convex and the second 
cubitus (Cut) concave : the first cubitus subdivides into anterior (C«i«) 
and posterior (Cua) veins. There follow three anal veins (xA to 3A) 
which are usually convex, or zA may be concave. 

Ifl moat insects there are two strongly convex veins, viz . : — Rt and Cuu 
which are easily noted and therefore facilitate the identification of the other 
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veim. A'complete toedu is found in most BdseoSoic Iss^ insects «nd in 
the Ephenxefoptera among recent forms. For the most part MA atiophies 
and consequently the media in recent insects is MP, although it is usually 
by the symbol M. The Odonata, however, are an exception 
in that they retain MA and not MP, while further research is needed into 
the constitution of the media in the Orthoptera and Hecoptera. The anal 
veins are extremely variable and ia wings with a reduced anal area one or 
more are atrophied. On the other hand, in insects with a well-dweloped 
lobe the anal veins may be freely branched, but the branching does 
not appear to be derived from any imiform primitive type. 

Deviation from the primitive venational type has occurred in two ways, 

i.e., by reduction and by addi* 
tion. In many insects the num- 
ber of veins is less than in the 
hypottfetical type, and the reduc- 
tion has be^n brought about by 
the degeneration or complete 
atrophy of a vein, or of one or 
more of its branches, or by the 
coalescence* of adjacent wins. 
Atrophy explailis the presrace 
of only a rmgle well-developed 
anal vein in Rhyphus (Fig. 34) 
and other Diptera, while the occurrence in this genus of a single vein Rt+s, 
in the place of the two originally separate veins R* and R* is due to coal- 
escence. Similarly R« and R* have coalesced, and the single vein thus 
formed may be conveniently referred to under the abbreviation R«+». 
Coalescence takes place in two ways : the point at which two veins diverge 
may become gradually pushed outwards nearer and nearer the margin of 
the wing until the latter is reached, and only a single vein remains evident. 
In the second method, the apices of the two vems may approximate, and 




Fio. 34. — Wing of Rmyphv^ pvnotatub (For 
explanation of lettering, vide pp. 39 and 

41.) 


ultimately fuse at a point on the wing margin : coalescence of this type 
takes place inwardly towards the base of the wing. The first type is w 5 ll 
exhibited in the case of the radial veins of Rhyphm, while the second method 
is eidiibited in the apical fusion of lA and Cui, in Tabanus (Fig. 35). The 
homok^ of a particular vein is often difficult to determine, and resort 
has to be made to* comparison with allied forms, which exhibit traasitiofia] 
stages in reducljion, or to a study of the pupal venation. 
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ta cases v^«x» am ioerease in tiie numbm* of veus oocuts, tiui rntdilpUca- 
tion oi'tbe latter is due either to an increase in the ntunber of faranches 
ci e Itdndpal veui, or to the development of secondary longitudinal veins, 
between pie^aisting veins. In no instance is there any inciease in the 
number cl principal veins present. For a more detailed acquaintance with 
the various modifications of the wing veins the textbook of Comstock (1918) 
should be consulted, , 

the wings of certain of the most generalized insects, sudi as the 
fossil Palseodictyoptera, an irregular network of veins is found between 
the principal longitudinal veins, but no definite cross veins are present 
(Pig. 36). To this primitive meshwork Tillyard (1918) has given the name 
arakeiidyon. It appears to have undergone suppression in the Holometa- 
bola, though it is very probably homologous with the still-existing dense 
reticulation present in certain orders of Exopterygota such as the Odonata. 
Needham (1903) from his Itudies of the wings of the latter order has dis- 
cussed the transfonqation of such an 
irregular network into regular transverse 
veins, and reference to Fig. 36 is suffi- 
cient to explain his views as to the origin 
of the latter. Transitional stages in the 
evolution of definite cross-veins may also 
be observed in wings of the more special- 
ized Palseodictyoptera and among living 
Orthoptera, where both irregular and 
definite cross-veins occur in the ssune 
wing. According to Tillyard, however, 
true cross-veins are later developments ; 
smd they are never preceded by trachese 
and are almost always devoid of macro- 
trichia. Veinlets, on the other hand, are 
primitive and constitute the finer twigs 
of a principal vein : they are preceded 
by trachese and carry macrotrichia (Fig. 

37). Whether the archedictyon arose in 
connection with precedent trachese in the 
wing-rudiment, or independently, is un- 
known. It is probable, therefore, that 
homologous cross-veins do not exist in many orders : their positions, how- 
ever, in some cases are so constant that analogies, if not homologies, esm 
be traced and similar names are applicable. The following cross-veins are 
the most important and their s5unbols are given in brackets. 

The humeral cross-vein (h) extending from the sub-costa to the cost^ 
near the humeral angle of the wing. 

The radial cross-vein (r) extending from Ri to the radial sector (JR,). 

liie sectorial cross-vein (s) extending from the stem Ei+i to Rl+, or 
from Ru to Rt. 

The radio-medial cross-vein {r-m) extending from the radius to the mediUi 
usually near the middle of the wing. 

The medial cross-vein (m) extending between Aft and Aft. 

The medio-cubital cross-vein (m-cu) extending from the media to the 
cubitus. 

The veins divide the wings into spaces or cells. In the Comsto^* 
Needham S3;stem the terminology of the cells is derived. from the vmus 



Fig 36 — A. Portion of a Wing 
OF A Carboniferous Insect (Hr- 
pxbmsgmtmsb) showing Archbdict- 
YON After Handlirsch. B. Dia« 
GRAM illustrating THB EVOLUTION 
OF Regular Cross-veins. After 
Needham. 
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which form their anterior margins. The cells fall into two groups, i.e., 
basal cells and distal cells. The former are bounded by the pkindpai 
veins, and the latter by the branches of the forked veins. Thus the cell 
situated behind the main stem of the radius, near the base of ‘the wing, is 
cell R, while the cell behind the first branch of the radius is designated as 
cell Ri. When two veins coalesce the cell that was between them becomes 
obliterated. Thus when veins Rj.and R^ fuse as in Rhyphus (Fig. 34), 
the cell situated behind the vein is referred' to as cell R», and not 
cell Rti.», cell R, having disappeared. Not infrequently two or more 
adjacent cells may become confluent owing to the atrophy of the vein or 
veins separating them. The compound cell is then designated by a com- 
bination of the abbreviations apphed to the originally separate cells. Thus, 
a cell resulting from the fusion of cells R and M is referred to as cell 
R + M. The advantage of this relatively simple system of nomenclature 
is evident in the case of the so-called discal cc^ for example. The( latter 



Fig. 37 — PoRiiON 01 Costal Arj a or Tori wing of P&rc/iopsis flk0AA^ with the 

GORKI SPONDING 1 RACHEATION (XO THE I EFT) OF THE PuPAL WiNG. 

C, costa, ct trathcp picreding the costal Minlets nl tostil veinlrts, ar, cross veins , R, radius, /fA, i.idia] 
sector, 5f sulKosta After Iill>aid, Pm I %tm Sot, N S H 43 

expression has been used in at least four separate orders of insects with 
reference to a dilierent cell in each instance 

Flight of Insects. — The flight of insects is unhko that found elsewhere 
in the animal kingdom, not only with regard to the mechanism of flying, 
but also with reference to the nature of the wing stroke. The researches 
of Marey (1869) have contributed much towards an exact knowledge of 
this difiicult subject and, among other methods, chronophotography was 
largely used by this observer. Marey was able to obtain iio successive 
photographs per second of a bee in flight but as the wings were vibrating 
190 times per second, the images obtained represented isolated though 
eonsecuti,ve phases of wing movement. This observer was successful in 
obtaining clear but isolated images of vibrating wings after an exposure 
of only of a second. According to Marey air-pressure is the main 
factor which determines the nature of the wing stroke. He concludes 
that the wing muscles only maintain the to and fro movements of the wings, 
while the flexibility of the wing membrane, when the latter meets the 
resistance offered by the air, causes the surface of the wing to be inclined 
at the most favourable angle. The result is that the path or trajectory 
made by the apex of the wing takes the form of a continuous series of the 
figure 8. This was determined by Marey, with the aid of a spangle of 
gold leaf, fixed to the extremity of a wasp’s wing. The insect was then 
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held in tbe sun with a pair of forceps^ in front of a dark background and. 
under these conditions, a glistening 8-shaped trajectory was observed. 
The width of the loops of the 8 varies in different insects, and is also depen- 
dent upon tbe speed of motion, and the varying action of the wing muscles. 
Another factor to be taken into account is the nature of the basal articula- 
tions of the wings. It is a matter of controversy whether the articulatory 
mechanism alone catlses the wing to pafes through the air, along the course 
indicated by Marey, or whether the basal articulation is sufficiently flexible 
to admit of air pressme alone forcing the wing out of whal would otherwise 
have been a simple to and fro motion. Lendenfeld (1881) maintains that 
the course of the wing is entirely determined by the nature of its basal 
articulation and the action of the wing muscles. It is not imlikely that 
among the Odonata, in which the flight mechanism attains a high degree 
of complexity, the^ two factors are important contributory causes. 

For the purpose of determining the frequency of their movements, 
wings may be regardfed in the same way as vibrating wires. A record 
thereof may be obtained graphically by means of a revolving cylinder 
covered with smoked paper, the least contact of the tip of the wing removing 
the black, and exposing the white paper beneath. If the record thus 
obtained be compared with one made on the same paper by means of a 
tuning fork, of an ascertained period of vibration, the frequency of wing 
movement can be determined with great accuracy. By this method, it 
was calculated that a house-fly makes 330 strokes per second, a bee 190, 
a moth {Macroglossa) 72, a dragon-fly 28 and a butterfly (Pieris) 9 strokes 
per second. For the flight muscles see p. 58. 

Origin of Wings. — Two principal theories have been advanced to 
accoimt for the origin of wings in insects, (i) The tracheal gill theory of 
Geganbam which has been up- 
held by Lubbock, Graber, Lang, 

Verson, Woodworth and many 
others. According to this theory, 
wings are derived from thoracic 
tracheal gills, which have lost 
their original function and be- 
come adapted for purposes of 
flight. Tracheal gills, however, 
are very inconstant in position, 
and may be developed from the 
dorsal aspect of theterga, from the 
sterna or the pleura, at the apex 
of the abdomen, on the head and 
even between the wings. Further- 
more, there is good reason to be- 
lieve that if the tracheal gill theory 
were upheld, we should have to 
conclude that the ancestors of winged insects were temporarily aquatic, 
and thus acquired gills, which subsequently developed into wings when 
these atiimals became air breathers for the second time. (2) The alternative 
theory has been conveniently termed by Crampton (19^6) paranoial 
theory. It is due to Muller (1873-75), and among the supporters of this 
view are Korschelt and Heider, Packard, Comstock and Needham, Hand- 
hrsch and others. It is maintained that wings arose in the first instance 
as latersd expansions (paranota) of the thoracic terga— a view which is not 



Fig 38 — A Carboniferous' Insect { SrMird ^ 

mCTTA LOBATA ) SHOWING PROTHORACIC WING- 

iiKK Expansions. From Carpenter, after 
Handlirsch. • « 
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incon^ent with the fhcts of wing devdo|Mnent among the lower Fterygota. 

These expansions are very similar to those 
found on the prothorax of SUmdid^^ (Fig. 38} 
and other fossil insects.* They are also pre- 
sent on n3anphs of CeUoUrnm (Fig. 39), and in 
certain Mantids, Lepismids and Heteroptera^ 
as weU'as on the abdorain&l regbn in various 
Phasmids. There is, indeed, an inherent ten- 
dency towards the development of such struc- 
tures in diverse groups of insects and in other 
Arthropods. During the course of their evolu- 
tion, it is believed that the tergal expansions 
became sufficiently large to function somewhat 
after the manner «of parachutes, in insects 
which possessed a tendency to leap. lAt a 
later stage, it is claimed*, they acquired Jtoect 
articulation with the tergal region, became 
supplied with trache® and developed \ the 
power of independent movement. \ 

An extended discussion o{ these, and ower 
theories which have been put forward to account for the origin of insect 
wings, is given by Woodworth (1906) and Crampton (1916). 



Fiq 39 — A Nymph of Calo- 

DitATATUa SHOWING 
THORACIC WING- LIKE EXPAN- 
SIONS. AfUr Buf^mon, Bull 
Mus, d*Hist, Nat. 1914. 
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THE ABDOMEN 

{a) Segmentation of the Abdomen 

T he abdomen (Fig. i) is composed of a series of segments which 
are more ecjually developed than in th^ other regions of the body. 
For the most part they retain their simple^annular formi the 
terga and sterna are generally undivided shields, , while the pleura are 

membranous and usually without differentkted 
sclerites. Reduction or special modificatiTO of 
certain of the segments is evident at the an- 
terior as well as at tlfe caudal end of the 
abdomen, but more especiaily in the latter 
region, and this specialisation increases from 
the lower to the higher orders. The abdomi- 
nal segments are sometimes designated uromeres 
and their primitive number as revealed by 
embryology is twelve. The last segment or 
telson is present in the embryos of certain 
insects (Fig. 40), but it raiely persists : it is 
evident, however, in the Protura, while in the 
few cases where it is found in other insects it is 
vestigial. The nth segment is present in the 
adults of the lower orders where its tergum is 
represented by the suranal plate or epiproct 
above the anus (often fused with the loth 
tergum), while vestiges of its sternum are seen 
in the podical plates or paraprocts which lie on 
either side of the anus (Fig. 41). The loth segment is usually distinct 
and forms the terminal 
somite in the higher 
orders. The Protura differ 
from all other insects in 
that the number of ab- 
dominal segments in- 
creases during post-em- 
bryonic development, the 
exceptional number of 
twelve being present in 
the adults. The Collem- 
bola are also exceptional 
in possessing never more 
than six segments, either 
in the embryo *or the 
adqlt. In most insects the first abdominal segment, and mure especially 
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Fig 41— Last Abdominal Segments of Butspa, A. 
Dorsal View B Ventral View 

An, anus; C, cercus; hp, epiproct; P, podical plate or paraproct; 
Vll-XI. teiisa. After Snodgrass » , 



Fig. 40— Veniral View oi 
Last Abdominal Segments 
OF Young Embryo of Gejtx 
lOfAiFA. From Heymons 

a, to flu, appendages of oth to nth 
segments and ag»-agu, neuromeres of 
those segments, p, proctodaeum, t, 
telson 
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t . 

its sternum, is reduced or vestigial. Among all the Hymenoptera, how- 
ever, this-soimte becomes fused with the metathorax during the change 
ftoni the'laiya-to^the pupa and is known as the propodeum, epinotum, or 
median segnSetU. • . 

In'inany insects, more especially certain of those whose eggs are deposited 
within plant tissues or in other concealed situations, the distal abdominal 
segments become attenuated and often •telescoped, one into the other, to 
form a retractile tube which is used as an ovipositor. This modification is 
well exhibited in the Cerambycidae, Cecidomyidae, Trypaneidae, Muscidae 
and other families. A true ovipositor is of an appendicular nature and is 
dealt with in the next section. 

(5) Appendages and Processes of the Abdomen 

In the embryos of most insects evident rudiments of paired abdominal 
appendages appear at sbmc stage during development. They are commonly 
present in relation to each segment, excepting the telson (Fig. 40). A 
variable number of these appendages may become transformed into organs 
that are functional during post-embryonic life while the remainder disappear. 
The most conspievpus of such appendages are the cerci of the iith segment, 
which exhibit wide diversity of form and may even 
be transformed into forceps, as in the Japygidse and 
the earwigs. Among the Apterygota the retention 
of abdominal appendages is a very general feature. 

They are well exhibited in the Machilidse, where they 
are present in a reduced condition on th(‘ 2nd to 9th 
segments, and as cerci on the nth segment. These 
reduced appendages each consist of a limb-base or 
coxite bearing a distal stylus which is regarded as the 
vestige of the shaft of a typical walking limb. In 
many other Thysanura the coxites fuse with the 
sterna and the styli arise directly from the composite 
plates so formed (Fig. 42). For the most part, how- 
ever, the styU disappear and it is probable that the 
typical abdominal sternum of insects is a plate of 
composite origin, — it is, in fact, a “ coxostemum.” 

Among the Pterygota abdominal appendages are re- 
tained as gills in may-fly nymphs, as abdominal feet 
in lepidopterous larvae and as gills in Sialoid larvae, 
among Neuroptera. In adult Pterygota the cerci 
are retained in most of the lower orders and the only other abdominal 
appendages present are the gonopods which enter into the formation of* 
the genitalia or external reproductive organs. These are associated with 
the 8th and 9th segments in tho female and with the 9th segnient in the 
male. A completely developed gonopod consists of a coxite bearing a distd 
stylus, while on its medial border the coxite is produced into a tubular 
outgrowth or gonapophysis (Fig. 43 ) . The genital aperture is usually located 
in the membrane immediately behind the 8th or 9th segment. 

Under the category of abdominal processes are the gills of certain aquatic 
njnnphs and larvae, the pseudopods of dipterous larvae, the median caudal 
filament of Thysanura and Ephemeroptera and the clasping organs of the 
2nd abdonunal segment of Odonata. 

The female genitaUa consists of three pairs of valves which collectively 




l*iG 42 — Abdominal 
Sterna and Ap- 
pendages OF A, 
MAcuiLia AND 
Campodjba. 

s, steinum; c, coxite or 
Timb base , 1,5, coxobtemom ; 
stylub 
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form the wiposUor or egg-laying organ. Thdbr degree ol devdkrpntefd and 
oo-adaptation varies according to the uses to which that ottgan is subjected. 
In the Anoplura, for example, an ovipositor is absent ; in P^pfamkt its 
valves are very small and free : m the Tettig>niida those of 'cme side are 
held together by tongues and grooves and form, along with their counter- 
parts of the opposite side, an elongate and powerful egg-’'‘~ — 


in most Hymenoptera the ovrporftor u 




Fio — Left Diagram of Typicai Mai b 

Genitalia Right A pair of Primitive 
Gqnopods ^ 

c, coxite, c), rhsper, rt, coxostemum g gonapuihysis 
pt peois , paramere , s, sternum , stt stylus 


greatly attenuated and modided 



Fig 44 — Fentrai View ob THii Apex 
OF THE Abdomen of a Fi^Ats 
Macbjlib showing Genitalia 

c cerrus mechan caudal filament e«a»e«^ 
co\it( s uf 8th and Qi h sterna sf» styh » w, w, 

inrwi ind ventral valvts of oviiHv»itor, f|», 30th 
ttiRuni AfUr Walker, Ann Jni Soc Am 15 


for piercing or stinging. A typical ovipositor is formed by (1) a pair of 
ventral (anterior) valves representing the gonapophyses of the 8th segment : 
(2) a pair of inner (posterior) valves formed by the gonapophyses of the 
9th segment : and (3) a pair of dorsal (lateral) valves formed by the greatly 
^wn out coxites of the 9th segment (Fig 45) It is customary and con- 
venient to refer to all three pairs of valves as gonapophyses, but it will be 
noted that the dorsal pair alone is homologous with true limbs. In Machuhs 


VU 



Pjq 45 — Ovipositor of a Long horned Grasshopper { CojvocsFMAiffg ) 

Vn>— X, teigx ; g, sterna , Cer, ceru , xG ventral valve sG, inner valve<i , ShB, bulb like swelling fdnned by the 
fusion oi the uSes of au , 3G, dorsal valves, the left one 1% shown as if cut off near its base After bnovaaii VS Hur. 
Mnt Teeh her x8. 

the gonopods are complete but the coxites and styli do not enter into the 
composition of the ovipositor — the latter being formed by the gonapophyses 
only (Fig. 44). In the Pterygota the reduced coxites of the 8th s^jjment are 
transformed into supporting bases for the ventral valves and thdr styli ate 
wanting. The styli of the 9th segment are almost always absent exeei>t 
in the C^nata, where they are borne at the apices of the dorsal valves, 
The methods by which the valves of the ovipositor are intedocked are shoum 
pt 46. In Qrthoptera the ^gs axe passed down the combined dannei 




Fig. 46 — ^Transverse Sections of the 
O viPosTioR OF— A, An Orihopteron 
(Pbahuonora) after Dewiiz ; B, A Hy- 
MENOPTERON (Sijtsj) after Taschenb^g. 
The method ot interlocking of the valves 
is shown, 

df dorsal valve ; inner valve ; v, ventral valve. 
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formed .by ibe inner and ventral valves : in most Hymenoptera' the iiuier 
valves axe losed to form a support to the stylets or ventral valves of the 
Sting. 

The mtdi genitalia, (Fig. 43) consist of a pair of gonopods belonging to 
the 9th segment. The most con- 
spicuous organs are the claspers 
vrhich function in holding the female 
during coition. These organs are 
usually regarded as being derived 
from the coxites of their segment, 
but the balance of evidence suggests 
that they are modified styli as 
claimed by Crampton (1920) and by 
Snodgrass (1931). While the coxites 
are distinct, and fbrm the bases of 
the claspers in may-fli<'s, in most 
insects they are apparently merged 
with the 9th sternum. The claspers 
exhibit great variety, of form and 
structure and ar^ usually composed 
of a single segment, but in the may- 
flies (Fig. 47, B) thSy are several 
jointed and in Mecoptera and saw- 
flies they are composed of proximal 
and distal pieces. Among the 
Orthoptera and Isoptera the claspers 

are represented by unmodified styli. What appear to be true gonapophyses 
are paired outgrowths forming the intromittant organ. In those orders 

where the growth of these parts has 
been studied each primary gonapo- 
physis divides. The iimer lol^ 
thus developed unite to form the 
penis, while the outer lobes form two 
small valves or parameres : the com- 
posite organ thus constituted is 
termed the tedeagus. In a few 
Dermaptera and among Ephemerop- 
tera the penis retains its original 
paired condition, hut in other in- 
sects the fusion is complete. The 
parameres are well seen in the lower 
orders (Fig, 47, A),* while in the 
higher groups they are closely 
merged with the penis, or may he 
undeveloped as in some Coleoptm,. 
In addition to the foregoing organs, 
various and often highly complex 
accessory copulatory structures are 
present in different orders : they are either developments of the parts 
just named or special formations. 

Hm morphology of the genitalia in the two sexes is a problem of outstanding 
(Ufficnlty aba has been discussed by many writers. According to Verhoefi (1903) 
the fflnvTT rt d is a tme biramons limb whose coxitc representa tbe«protopodite whue 



A B 

Fio, 47. — VwruKi . View of the Apex of 
THE Abdomen of A, Maohiui and B, 
AM Ephsmerid showing Mai.e Genit- 
alia. 


Aft aoceMoiT nnItaUa (o( Stb Besimat); e, cncus: 
a, madta ewdu SUunent ; rl, cltajm ; ex,, coxite of 
ttwnim ; p, adeigw (paired in B) ; pm, parararre ; 
Ak a,, Btta and pth rtama ; <(,-«*•, Tth to 9th styli ; (,« 
tdOi taqiWB. Walker, Aim. Bnt. See. Am. 13. 
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the stylus *aiid gonapophysis are homologous with an exopodite and ei^dopodite 
respectively. It is more generally maintained that the coxite and its stylus represent 
a modified limb, while the gonapophysis is a secondary outgrowth from its base. 

The male genitalia are not readily homologized with those of the female. Except* 
ing the anterior paramercs of certain Machilidae (p. 218) the 8th segment bears no 
counterparts of the ventral valves of the ovipositor. The claspers of the 9th seg- 
ment are not strictly homologous with the dorsal valves of the ovipositor since they 
appear to be modified styli, whereas jthe ovipositor valves are elongated coxites. 
If the inner valves of the ovipositor have their homologue§ in the male the combined 
penis and parameres would appear to be their representatives. 
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THE ENDOSKELETON 


I N certain regions of the body the integument becomes invaginated and 
greatly hardened, forming rigid processes which serve for the attach- 
ment of muscles and the support of certain other organs. This internal 
framework is termed the (ndobkeleton and its individual parts arc known 
as apodems. Th^latter arise as invaginations of the body-wall between 
adjacent sclerites, or at the edge of a scleritc or segment. In some insects 
the mouths of the invaginations pi'rsist throughout life but, more usually, 
the latter become completely solid through the deposition of chitinous 
material. 

The endoskeleton K divisible into (a) the tentorium and {b) the endo- 
thorax. 

{a) The Tentorium (Figs. 48, 49) 


This name is given to the eiidoskeleton of the head and, in generalized 


insects, it is composed of 
two or three pairs of apo- 
demes which coalesce at 
their bases. The func- 
tions of the tentorium are 
— (i) to afford a basis for 
the attachment of many 
of the cephalic muscles 
and, at the same time, 
to give rigidity to the 
head; (2) to lend sup- 
port to the brain and 
fore-intestine; (3) to 
strengthen the points of 
articulation of certain of 
the mouth-parts. The 
apodemes which enter 
into the formation of the 
cephalic endoskeleton are 
termed the anterior, pos- 
terior and dorsal arms of 
the teniorium according to 
their positions. The inner 
ends of these arms fuse 



with those of the opposite 


o.f. 


side of the head and the 
median skeletal part, thus 
formed, is termed the body 
of thi Untonum. 


Fig. 48— Head of Biatta with the greater part of 

THE FRONTAL WaLL DISSECTED AWAY TO SHOW THE 
Tentorium. * 

aSf dutenual socket , at, dt, anterior, dorsal and posterior aims of 
tentonum , e, compoond eye , 0/, occipital foiameu lb pody of teatoriom. 
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The anterior arms of the tentorium. — ^The mvaginatione a^ch form 
these apodemes usiially He on either side of the dypo-frontal sutme* wh«D 
the latter is present, and Just above the wndylar articulations for the 
nuuuHbles. 'While in most insects they are manifested externally as mere 
pits, in many Diptera they are in the form of intra-cranial tuimels. 

The posterior arms of the tentorium. — ^These apodemes are derived 
from ingrowths situated at the ventral ends of the postoccipital sutures 
and generally in close relation with the occipital foramen. In some prog- 
nathous types they tend to He more for- 
ward on the ventral wall of the head 
(vide p. 17). 

The dorsal arms of the tentorium. 

— ^These arise not as intcgumental invagi- 
nations but as outgrowths either from 
the body of the tent(Siimi, or from the 
bases of the anterior arms. Theylpass 
upwards and outwards often to bewme 
attached to the head wall near thei an- 
tennal or ocular ,sclerites. They \are 
generally present in Orthoptera, but\ in 
some cases (e.g. Blattcff they are tendon- 
like, while they are bften undeveloped in 
other orders. 

The body of the tentorium. — ^This is a median plate which is often 
large and its shape varies to some extent in confoimity with that of the 
head : thus, in the soldiers of many termites it is elongate, while in the 
workers it is a relatively narrow band. 



Fig 49 — ^Tentorium of a winged 
Termite 

to, anlenor and poslcritir anns Ih, body 
of tf iitorium , i for t tentornl foramen 


(b) The Endothorax (Figs. 50, 51) 

Under the term endothorax is included the endoskeleton of the thorax. 
It is composed of invaginations of the tergal, pleural and sternal regions 
of a segment and these several apodemes may be conveniently termed 
the endotergites, the endopleurites and the endosterniies respectively. 

The endotergites or phragmas arise as transverse infoldings between 
adjacent tergites. Their main function is to provide increased attachment 
for the longitudinal tergal 
muscles, and they are pnn- ^ 

dpally developed in winged / — ' PH jj. 

insects. The phragmas arise ^ ' 

differently in different insects 
according to ‘ whether the 
postnotum is present or not 
and» furthemaore, they may 
be attached either to the 
hfod margin of a tergite, or 
to the frontal margin of the 
sderite immediately behind. 

In cases where the postnotum 
is wanting, the phragma is developed in relation with the notum and is termed 
a prephragtna. '\\%en the postnotum is also present the phragma developed 
iu relation with it & termed the postphre^ma. Both a pre- and post-pluagma 
be carried by either the meso- or meta-thorax in some orders of insectsi 



Fig. 50 — Longitudinai- Section THiu>t'c.H the 
Back of thc Meso- and Meta-thorax and Base 
OF THE Abdomen of a Stoneflv 


DM&t dorMl longitudual muscles IT, zst a1 
Nt mesonotum, N«, metgnotum ; PNa, PN|, postnotum 
meta thorax; sPh, sPh, phragmas. After Snodgrass, Pm, 
Nat. Mas. 39. 
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but no phrsgnm i$ ev«tr borne by the jH-othorax. These apodemes commonly 
he betweeh adjacent segments and, consequently, an individual |dm»gma 
is le^arded as bebnging to the segment behind it. Three phragmas are 
nsudi^ the first being situated between the pro- and meso-terga, 

and the third between the meta-tergum and the first abdominal tergum. 
For a discussion of the morphology of these apodemes vide Snodgrass (1929), 

The Mdopleuiites or lateral apodemes are infoldings between the 
pdeurites. In a typical wing-bearing segment of most insects there is a 
single apodeme on either side and it is known as the pleural ridge. The 
latter terminates in the 

wing process above, the U 2 Ax 

coxal process below, and 
often bears an inwardly 
projecting pieurcd arm. 

The endopleurites »e well 
developed in the Odohata 
where, according to Ber- 
lese, there are five pairs. 

In Melanoplus the mojiths 
of the primitive invagi- 
nations remain (pen in 
the adult insects (tom- 
stock). 

The endosternites 
(apophyses of some 
writers) are commonly re- 
presented by the furca ; 
each furca is a median 
apodeme, unpaired at its 
base, with two free distal 
arms. In many Orthop- 
tera, for example, there is 
also a median unbranched apodeme or spina which lies behind the furca. 
In the Odonata tht‘ endosternites are paired, and are inclined so far inwards, 
towards the median line, that they almost meet over the nerve cord. In 
the honey bee those of the prothorax fuse to form a supraneural bridge, 
and the combined meso- and meta-thoracic endosternites together form 
a secoxid bridge of a similar character. 



51. — Diagkvm of a Section across a Wino- 

HIAKTNG SlGMENT 

j4NP, antenor iiotal vtinf;; pioffss, jAx, sAx, Tst and arnd axillary 
sdpiites , ( X, coxa , ( %P, ruxal process of plciiion , Fc, fmea , iV, notum » 
Pit pleuidl arm, PH, pleural ntlge , S, sternum; IV, >smg, IVi', wing 
process of pleuron d/trr bnodgi ass, i'roc US Nat Mm 36, 


(c) The Abdominal Endoskeleton 

In the abdomen apodemes are developed for the purposes* of giving find 
bases of origin to certain of the more important mnscles. Most of the terga 
usually present internal ridges or phragmas, as in the thorax, giving attach- 
ment to the chief longitudinal musdes. On the ventral aspect sternal 
apoph}^e$, in connection with the protractor and dilator musdes, are 
Commonly present and in some cases highly developed. 

X4lierature on the Endoskeleton. — ^There is little special literature dealing with 
the endoskeleton. Reference should bo made to the more general papers listed under 
the sections dealing with the three main regions of the body. 



THE MUSCULAR SYSTEM 


T he muscles of insects are, for the most part, translucent and either 
colourless or grey, but the wing muscles frequently exhibit a 
yellow, orange, or brown tinge. Unlike vertebrate muscles, the 
fibres of both the voluntary and involuntary mjuscles of insects are cross- 
striated, the striae being gencraUy very conspicuous and^asily seen. Insect 
muscles also differ fundamentally from those of the Annelida not only 
in histological structure, but also in the fact that they are never incorporated 
with the layers of the body-wall to form a dcrmo-muscular tube. 

In the case of mo.st of the voluntary muscles, an^d those of the appen- 
dages in particular, one of the extremities of a muscle is attached to a rela- 
tively stationary skeletal part and the other is attachsijf to the region or 
organ which is movable. The attachment to the Aationary base is the 
origin and that to the movable part is the insertion of the muscle. In 
many instances the fibres of a muscle are directly fixed into the parts which 
serve as the origin and insertion. In others chitinous cords, bands, or 
integumentary invaginations known as tendons intervene between the points 
of attachment and the actual muscle as, for example, in the muscles of 
the mandibles. 

{a) Histology of the Muscles (Figs. 52, 53) 

As already mentioned, the muscle fibres of insects are prominently 
striated and, in those of the leg and other parts, the striae are clearly visible 

in the living untreated tissue. In suitably 
stained preparations the striae are observ- 
able throughout the muscles of the body, 
including those of the alimentary canal, and 
the delicate fibres in the walls of the heart. 
Each fibre consists of a number of highly 
elastic longitudinal fibrillae or sarcostyles 
which are composed of alternate light 
(isotropic) and dark (anisotropic) portions. 
By the juxtaposition of the light and daik 
zones in adjacent fibrils the familiar banded 
or cross-striated appearance of muscle is 
produced (Fig. 52). In the middle of each 
clear band or zone is a transverse septum 
o. T . , MtrcrT. termed Krause’s membrane to which the 
OT to*. sarcostyles are joined. This membrane is 

c, eatirir. It, hypodeimb; K, KiauK’i composed of a network of radially dis- 

tributed threads, which cut across the muscle 
fibre, thus dividing it into short lengths or 
mritomeres. A muscle fibre maybe regarded as a greatly attenuated multi* 
nudeate cdl which is bounded by a delicate coat <x saredemtMt, tlw 
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contains a certain amount of nndiifarentiated protoplasm tx'ttifcopUiism 
in which the sarcostyles are embedded. When a nerve-impulse is received 
the compcment fibres of a muscle shorten, the pro- 
cess being attributed, to the shortening of the 
bands of the individual sarcostyles. The contraction 
of the muscle as a whole results in the movement 
of the part or organ concerned. When .the stimulus 
ceases the radial fibres, by their elasticity, arc 
b^eved to bring the sarcostyles back into the 
position assumed when relaxed. Several types of 
muscle fibres are fotmd among different insects 
(Fig- 53 )- Thus, in many larvae and among Aptery- 
gota the sarcostyles are surrounded by a thick layer 
of sarcoplasm containing, the nuclei. This same 
general t3T3e of fiBse is present in the leg and ab- 
dominal muscles of beetles and other insects, only 
the sarcoplasm is greatly reduced and the sarco- 
styles are usually more numerous. Among adult 
H3rmenoptera and Diptera the fibres are tubular 
in character with th^ sarcostyles disposed radially 
around a centralSgore of sarcoplasm in which are 
embedded the nuclek The indirect wing muscles 
of the bee and other insects have exceptionally 
large fibres which are readily separated apart and the sarcolemma is usually 
wanting, while the nuclei are either peripheral or embedded in the body 
of the fibre. Such fibres have a rich tracheal supply and lying in regular 
rows between the sarcostyles are deeply-staining bodies or sarcosomes whose 
significance is obscure. 

The involuntary muscles of insects exhibit a totally different structure 
from those of vertebrates and, in their striated appearance and frequent 
tendency to branching, they bear a resemblance to cardiac muscle. The 
detailed structure of insect muscle and its interpretation are dealt with in 
appropriate textbooks, and reference should also be made to original papers 
by Janet (1895), Jordan (19x9-20) and Morison (1927). 

The actual nature of the attachment of muscles to the cuticle has been 
much discussed. In the majority of cases a zone of non-striated fibrils 
intervenes between the contractile substance of a muscle and its point of 
attachment. Snethlage (1905), Holmgren (1910), and Jordan (1919) claim 
that such fibrillae are prolongations of the muscle itself and consequently 
the latter is attached directly to the cuticle. Henneguy (1906), who gave 
the name tonofibriUa to these fibrils, and more recent observers, state that 
they are of a cuticular nature, being derived from the substance of th% 
intervening hypodermis. Since the muscles are mesodermal tissues it follows, 
on this theory, that the outer ends of the sarcostyles become secondarily 
attached to the cuticle by means of tonofibrillae. 

(d) Arrangement of the Muscles (Myology) (Figs. 54, 55) 

In general arrangement the muscular system corresponds with the 
segmentation of the body and is exhibited in its least modified condition 
in the Apterygota, the lower Pterygota and in many larvae. The number 
of ttmscles is very great : in a lepidopterons larva there are about 2000, 
and in the imagines of several orders the number is correspondingly increased 
owing to the development of wings. With few exceptions, the somatic 



Fig. 53 — MtrscLS 
Structure. 

A, transverse section of two 
sarcostyles of a Icg-muscle hbre 
of a bee Original B, sarco- 
styles with saicobomos frcrni a 
wtng-muscle of Hydropkihu^ 
After Schneider n, nucleus. 
Highly magnified 
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iJfii ' TBE MUSCOLAS S«Smi‘ 

miueteswte pfelM, thereto con^tfOa^ to ^ 

tif. the body, and the names ot the minsdes generally indicater:^ 
and insertions, or the functions, of the latter. The.s]danduik.:iiui^^ 
on the other hand, usually exhibit no such symmetry and. as they do not 
/hmite ni^ the general category of myology, they are dealt in.f^ 
iiktiojtte devoted to the different internal oi::^ns. , 

Jdtihough detailed studies of tha musculature of ,sev^ typin of iifiat^; 
are available, the homologies of the various muscles are often dtGlc^t to 
drtermine and no uniform terminology has been evoked. The pohds of 

attachment of 
homologous muscito alM 
vary to some extent in 
different insects, and the 
.subject of comparative 
myolog$r is not suffic 
advanced for genk 
treatment. The prinUpal 
muscles of an orthopter- 
ous ^insect, taken as\the 
type among the loVer 
insectsrf^are enumerated 
belot^, but to deal ade- 
quately with all those 
present would encroach 
upon more space than is 
available and demand a 
wealth of illustration. ^ 
account of the muscula- 
ture exhibiting its most 
generalized condition ■ in 
the abdomen, the myology 
of this region will be 
considered first and the 
cephalic muscles last. 

A. The Abdominal 
Muscles.— The prindpal 
muscles of a typical ab- 
dominal segment may 
grouped into the fohoW^^' 
ing series. 

1. LONGiTUDiHAj.. ThMe 
are divisible into t$rgai andi 
sUmal muselis. They arise from the tergum or sternum, as the case may be, and ais 
inserted into the corresponding region of the segment behind. They fimction as 
retractors of the abdomen and the two groups, working together, telescope 
abdomen. Acting alone, the sternal muscles curve the abdomen downwaroa add 
ito tergal muscles straighten it or bend it upwards. 

t, DOjKso-vBMTttAL. This series consists of the lergo-sUvnal nmsdea : thsy Miss 
tMMd the tergum of their segment and, passing downwards, are inserted mte thd 
sternum. Along with most of the pleural muscles, they bring about toe espitatesy 
process by approximating the tergum and sternum thereby compressing the seMuSiKv 
, 3t nJSVRAJ.. These consist of stemo-pleural and noto-fdettrat musdes. The dKdSSt 
attepnato from toe sternum and are inserted on toe pleura or toe Sfdradtoa: wk 
tetow muscles arise* from toe tergum and are likewise inserted Into toS plmttSi 
' , Id addition to the above, there are also special muscles oonceraed irttomitoVM 
bf toe geifitalia and cerci. , ^ 



- Ho. 54 ,— -Mosclbs of thx Ventral Wall of a Cock- 
KoACB, WITH THE Nbrvb Cord. After Miall and 
’■ ..beany. . 
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' Mj ,l%e TbomM 'dbief gnu^ ti mmekii <lf a itiag* 

vO^idnSUQ rHOg^Xalwllilit Sif«7 Wa iilXUPi|7W9« 

X. i^nmimr&niAa. A« ia lSb» abdomen libese axe dividijle info Uf$al and siumt 

4 . 2 >imschviKKtitix. Theae are divisible into Urgo-siemat and naUhP^Aal musetes, 
Tb$ latter talee tbeir origin from the tergum and are inserted into the bases of the 
lege : they axe divided by Berlese into noto-snbeoxal, noto-coxal and noto-trooh- 
eueketic musdes* acoordini^ to the posi- * 
tions of their insertionB. They piinci- 
{sally function as extensors and flexors of 
the coxae and extensors of the femora. 

3 , PLXURAa. Of these muscles there 
are four groups^ viz., the pleuro-pedal, 
noUhplmral, stemo-pleural and sterno* 
peM muscles. They are concerned with 
the movements of the coxae and femora, umdunmAM. 
with the elevation an\^ depression of the 
tergum, thereby raising or lowering the 
wings, and with the coihpression of the 
pleura* 

4 . THE LEG-MUSCLES. In addition to ^ 

the noto-pedal and certain of the pleural 
muscles, which are concerned with the tot. to. 

movements of the Ijgs as a whole, there 
are also a number ^^^musclcs which he 
within the jomts of thelbgs. These latter ^ 
include the flexors and extcnsois of the 
femora, tibire and tarsi and the flexors of Abd.ofooi» 
the claws 

C. Cephalic Muscles . — The 

principal muscles of the head may 
be divided into (a) cervical muscles, umg terg«i 
(6) muscles of the mouth-parts, and 
(c) muscles of the antennae. 

{a) The cervical muscles. — These ow teijia 
control the movements of the head and 
are classifled into levators, depressors, re- 
tractors, and rotators according to their 
function. They take their ongin from 
the prothorax and cervicum and are in- AUiywidon 
serted into the tentorium and epicramum. 

(b) The MUSCLES of the mouih-parts. 

—Associated with the labnim are two TmiMni 
pate of muscles ^ 

X. The levators, A pair of contiguous 
muscles origiaating in the middle of the 
tens and becoming inserted into the 
base of the labrum. 

a, Thiedepressors, These muscles arise Fio. 55. — ^Muscles of the Dorsal Wall 
on the head capsule and are mserted into of a Cockroach, with the Heart ahP 

the of the labrum on either side of Pericardial Tendons. .^/torMiaflaiHl 

tfaft iewtots. ®«“y- 

The mandibnlar muscles consist of — 

3 . The adductor (flexor). This large muscle has an extensive origin on tte roof 
an 4 of the head, and is inserted, by means of a plate-like tendon, into the iituer 
the tese of the mandible. In many insects a second or short Eductor is also 

^ Tbd tMruetw (extensor). The origin of this muscle is on the upper labtnl 
pawtt of the epicranhim nnd its tendonous insertion is on the outer basal 
41^1^ man^ble* 

maxillary muscles are as follows-- 

jh. 'tm These form a large group of three muscles .tdiicb tales <lisi| 


liODg tergal 


Obi teigia 


Abut^rumAon 


Titfottem. 


Fig. 55. — ^Muscles of the Dorsal Wall 
OF A Cockroach, with the Heart aHP 
Pericardial Tendons. A fter Miall sard 
Denny. * 
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oiigin ftDxtf tbA Jompr surface of the central plate of the tentorium^ and are inserted 
into the cardo and the base of the stipes. 

6. The ahducior. This muscle originates from the posterior region of the epicranium 
near the abductor of the mandible and is inserted into the cardo. , 

7. The addiAcior of the galea. A muscle which originates from the baie of the stipes 
and has its insertion in the inner angle of the base of the galea. 

8. The adductor of the lactnia. This muscle arises near to the attachment of the 
previous muscle and is inserted into the inner basal angle of the lacinia. 

9 and 10. The flexor and extensor of the palpus. Both* these muscles arise withm 
the stipes and are attached respectively into the inner and outer sides of the base of 
the palpus. The joints of the palpus are also movable by means of separate muscles. 

The muscles of the labium (Fig. 13) are — 

11. The lateral retractors. A pair of elongate muscles arising from the posterior 
arms of the tentorium and inserted near the bases of the paraglossae. 

12. The median retractors. Two contiguous muscles arising from near the middle 

of the submentum or postmentum, as the case may be, and inserted into the base of 
the prementum. , 

13. The distal retractors. A pair of muscles arising from th^ posterior armsjof the 

tentorium and inserted near the inner bases of the gloss^e ^ 1 

14. The flexors of the paraglossce. These arise from the base of the prementum 

and are inserted in the bases of the paraglosscC. \ 

15. The flexors of the glosses. Similar in origin to 14 and inserted into the bases 

of the glossae. \ 

16. The abductors of the palpi. These arise from the ffeilpigers and are insmed 

into the bases of the palpi. ^ ^ 

17. The adductors of the palpi. Transverse muscles ariHiig from the median 
apodeme between the glossa. and passing outwards to the bases of the palpi 

There is also an extensor muscle of the 2nd palpal segment and a flexor of the 3rd 
segment. In association with the hypopharynx arc protractor and retractor muscles 
and dilator muscles in connection with the* salivary onlice. 

(c) The MUSCLES of the antenna. . 

( These muscles anse from the anterior and doisal arms of the 
tentorium, or from the dorsal arms only . they are attached 
to the bases of the scape. There are usudlly two pairs of 
depressors 

3. The extensors of the flagellum. Arising near the insertion of i and attached to 
the dorsal margm of the base of the pedicel 

4. The flexor of the flagellum. Arising from the base of the scape and inserted into 
the base of the pedicel. 

D. Muscles of Flight.— The flight of insects has been alluded to on p. 42, and the 
mechanism of the process has been studied by Ritter {Smithsonian Misc. Coll., 56, 
1912) m Calliphora, Stcllwaag (1910), in the bee and by others. The flight movements 
are effected by two sets of nmsclQh— indirect muscles and duect muscles (Figs. 56, 57). 



Fig. 56. — Diagrammatic Cross section of Thorax of a Beb 
THROUGH Pleural Wing Process WP. 

A, wiiiga thrown upward by depression of tergum N caused by contraction of vertical 
muscles VM B, wings thrown downward by elevation of tergum N caused by oontrattion 
of loQgitudinaJ muM^les LM. AfUr Snodgrass 


indirect muscles are the largest in the body, and are attached to the thorax and 
not to the wing-basjjs. In the hive bee they consist of two groups of muscles : (i) a 
pair of dorso-ventral muscles by whose contraction the tergal region of the thorax 
in fkgpressed, witi) the result that the win|^ are forced upwards owing to the peculiar 
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Aatntv their articiilatioii with the thorax ; (2) a pair of longitudinal Annscles by 
whose contraction the tergal region becomes arched upwards which results m the 
wings being forced downwards. The rapid alternate contraction of these two groups 
of musples consequently raises and lowers the wings by their action upon the dorsal 
wall of ihe thorax. The direct muscles (Fig. 57) are pleural muscles and consist t3rpi- 
cally of four pairs— [a) the ist an- 
terior extensor arising usually from 
the sternal region and attached to the 
basalar sclerite (p. 34) ; \h) the 2nd 
anterior extensor ansing from the nm 
of the coxa, just in front of its pleural 
articulation, and similarly inserted into 
the basalar sclerite ; (c) the posterior 
extensor arising from the run of the 
coxa, just behind its pleural articula- 
tion, and inserted into the subalar 
sclerite ; (d) the flexoj* ansing from the 
pleural ridge and inseAed into the 3rd 
axillary sclerite. Whih the indirect 
muscles are alternately elevating and 
depressing the wings, the forward and 
backw^ard movements of the latter are 
effected by muscles {}>) and (r), 
while muscle (c) also aids m depressing 
the wing These muscles, lur- 

thermore, bring abouiSghe turning of 
the wing on its long axis The com- 
plete mechanics of the wing during 
flight is a complex process During 
the downstroke the wing is pulled 
downwards and forwards w'hile its an- 
terior margin is deflected and its pos- 
terior area upiaised. Duimg the up- 
stroke the wing is pulled upwards and 
backwards while the posterior area, at 
the same time, is deflected The flexor 
muscle IS conccined with whaievei 
folding the wing undergoes during 
flexion and in drawing the wing to- 
Virards the side of the body. 

In the Odonata, Lcndenfeld (i 88 t) 
has shown that the usual indirect muscles are wanting, and flight is effected solely 
by direct muscles of which theie are eight to each wing 

Descriptions of the musculature are to be found in the following works : 
Lyonnet on the larva of Cossus ; Straus-Durckheim on Melolontha ; in 
Newport's article “ Insecta ” ; Kunckel d’Hcrculais on Volucella ; Hewitt 
on Musca ; Miall and Denny on Penplaneta ; Tillyard on the Odonata ; 
and Berlese on the Protura. In addition to the above, special studies of 
the musculature are listed below. ’ f 

Literature on the Muscles 

BAUER, 1910,-Die Muskulatiir von Dyhicus tnarginalis. ZeiU. wiss. Zool, 95. 
DIRKES, 1928,-Das larvale Muskclsystem und die Entwicklung der imaginalen 
Elugmuskulatur von Psychoda. Zttts Morph. Okol. Ttere, ii. DU PORTE, 1920,— 
The Muscular System of Gryiiws dowfiftcMS Fabr. Ann.Ent. Soc. Am.i'i. FORBES, 
19i4^A Structural Study of the Caterpillars, in. The Somatic Muscles. 

Bnt. Soe. Am. 7. FORD, 1925 .-A Comparative Study of the Abdominal Musculature 
of Orthopteroid Insects. Trans. Roy. Soc. Canad, Inst. 14. VAN GEHUCHTEN, 
tSB0A£tude sur la structure intime de la cellule musculaire stride. La CdMe 2. 
MENNEGUY, 1906.-Les modes d’msertion des muscles sur la cuticle chea les AathrO' 
c. R. Assoc. Anai. 8. HOLMGREN, 1910,-Uber die Muskehnsertumaa aA 



Fig 57- -DreicrWiNGMuscivsoFMEsoTHORAX 

01 A fjRASSHOPPFR 


2 2nd axillary sclente and f, its ventral plate; 3 
3id axillary s( Ic ntc fJu basalai srh nt( s , ( x, coxa ; /), Bexor 
nni'yclc , /, Tst antciiui extensoi miistli M', and anterior 
txtensor musiU , M'\ po*>tenor extensor muscle; PLR, 
pkural ridge , 5 a, subalar sclerite , fg, tegiihi , W%t lore wing, 
tunied upward Adapted from Snodgrass, 1930 
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dM CbiSii'bei den Arthiopoden. Aim. Au»> - 

StfOjEto dor queqiestteiften Muskelfaftecn vtm Hyimpkihu, etc. Ar^A. len*' Physiol. 
knd. dANST, t895<-5tructure des Ikbmbnnes, Articdaiiea..des Tendkm nfc ^ 
MttdM. (Etu^ sur les Fourmis, etc., latb Note.) UtBoees. JOSDAN^ 

'•^(tndies on Striped Muscle Structure. Atuft. Seeonl, z6 aad’ Xq ; A«ttr. J^im. AiM. 
Ap LUBBOCK, 1858<r<On the Arrangement of the Cutaneous Muscles oi the Lan^ 
« Pygara bucephala, Trans. Linn. Soe. 22 . MORISON, 1937-28<-Tfaft MusdAs 
of the Adult Honey-bee. Quart. J<mm.^ie. Set. yt, 72 . PETRI, 1899.-I. Muscnll 
ddle nli nei ditteri e negli imenotteri. Bull. Soe. EtU. lial.’si. PLATEAU, 1S6S-46. 
xSur la force musculaire des Insectes. BuU. Acad. Boy. Belg. 2nd ser. 2o, 22. •— 
iSM^r-Recherches sur la force absolue des musdes des Inverfobres. Ibid. 3rd ser. 6. 
SAMTLEBEN, 1929.r-Anatomie u. Histol. der Abdominal und Thoraxmusknlatnr yc^ 
Stecfamdckenlarven. Zeits. wiss. Zool. 134. SNETHLAGE, 1905r-Ueber die F)tt|^. 
von Muskelansatz und der Herkunft der Muskulatur bei den Arthropoden; 

/nArjb. Anat. 21 . SNODGRASS, 1929.-Vide p. 44. 1931v>Vide p; 50. 

1931,r-Reizphysiok>gische Untersuchungen am Orthopteren Muscu^tur. 
Jakrb., dbt. AUg. Zool. 50. VOSS, 1905^Ueberidie Thor^ von Gryllus dontes- 
riews. ' II. Die Muskulatur. Zeiis. wiss. Zool. 78. WABKER, 1931.-^ the 
Anatomy of Grylloblatta. i. Exoskeleton and Musculattire of the Head. Tifitn. 
Entom. Soc. America, 24. WEBER, 1928.-Skelett, Muskulatur und Dana 6 et)Aphis 
fdba. Zoologica, 28. 

See also literature on flight, p. 44. 



THE NERVOUS SYSTEM 


I. The General Nervous System 


T he nervous system of insects may be 
divided into the central nervous sys- 
tem, the ^visceraL nervous system and 
the peripheral sensory nervous system. 

{a) The Central Nervous System 

This constitutes the pnncipal division of the 
nervous system and ^is composed of a double 
series of gangha which are joined together by 
means of longitiilSi]^ and transverse cords or 
strands of nerve fibres (Fig. 58). The longitu- 
dinal cords are termed connectives and they serve 
to join a pair of gangha with those which pre- 
cede and succeed it. The transverse fibres or 
commissures unite the two ganglia of a pair. 
Typically there is a pair of gangha in each seg- 
ment of the body, but the members of a pair are 
usually so closely united that they appear as a 
single ganglion, the commissure being no longer 
evident. The connectives are separate and dis- 
tinct throughout the body as in Machilis and 
Corydaks, or in the thorax only as in the Orthop- 
tera, Coleoptera and many lepidopterous larvae, 
but usually they are so closely approximated as 
to appear as a single longitudinal cord. In 
many cases the gangha of adjacent segments 
coalesce to form ganglionic centres. Two of the 
latter are always present in the head, and vary- 
ing degrees of coalescence of the thoracic and 
abdominal ganglia are revealed by a comparative 
study of the nervous system in different orders ol 
insecte (vide Brandt, 1879). 

Seen in transverse sections, a typical nerve 
ganglion is invested by a synctytisd membrane 
or epineunum which also forms the coverin§ 
coat of the principal nerves. Beneath the epi- 
oewium are groups of nerve or ganglion celL 
a central medullary substance or nemo 
The ganglion cells are for the mos' 
plMrt: ^pokr and are chiefly evident by thei, 
tkUdei» tftf cytoplasm being of relatively smal 
aniMlmt. The neutosponKium is formed by th( 
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Fig. akd SuBasoPHAGEAL Ganglion of a 

Locust (Caloptenus) 

K fhmtal vkw , B, latoral vtew a I antennary lobe a n antennary 
nerve; fgt fhsital gangkon, kg hypocerebral ganglion Ibn labral 
jMrve , m n, labial nerve , m n mandibular nerve mv n maxillary nerve , 
fatuval ocellus , oci, median ocellus oCfn toot of nerve to median 
OMlhiB, oc, para CBSophageal connective, og optic ganglion og» 
MiMlieal gangboo o 1, 6ptic lobe . p c post oasophageal commissure , 
r, nerve (continoed in B as the «tainttQgastn< nerve f '} , sg, 

m flW’lfeneal ganglion | * ft t^tocerebr 1 lobe Aftgr Burgess, znd 


fine twigs of the axons of 
the ganglion cells' which 
are held together by 
means of ti variable 
amount of neurogloea : 
when viewed in sections 
th§ neurospongium pre- 
sents a punctured appear- 
ance owing to the twigs 
being cut across in large 
numbers (Viallanes, t 886). 
The nerve fibres of m- 
sccts resemble those of the 
.grey or non-myelinated 
type «n vertebrates and 
eacl# IS enclosed in abdi- 
cate sheath or neurilemma. 

The central nervous 
system IS divisible mto 
the bidin or eerettral 
gangli^, the suboesopha- 
gtal** ganglion and the 
vential nerve cord 

1 1 he Brain (Figs 

59-61) lies just above the 
OLSophagus between the 
supporting apodemes of 
the tentonum It is the 
dorsal ganglionic centre of 
the head and is formed 
by the coalescence of the 
first three ncuromeres m 
the embryo This three- 
fold division IS main- 
tained in the completed 
organ which is divided 
mto corresponding regions 
which are designated the 
proiocerebrum, the deuto- 
t erebnm and the tnto- 
LCiebrum respectively. 
Among the chief writings 
on the structure of the 
bram are those of Vial- 
lanes {1886-1887), Haller 
(1905). Janet (1905), and 
Jonescu (1908). 

The PROTOCEREBXUU 
represents the fused pan: 
of ganglia of the optic 
segment. It forms the 
greater part of the brain 
and innervates the com- 


tHE BRAIN 

potmd ^yes and ocelli. The protocerebrum is divisible into (i) the proto- 
cerebral lobes, and (2) the optic tobes. 

(1) The prQtocerebral lobes are fused together along the median line to form a 
bi-lobed ganglion. They are composed of a cortex, consisting of an immense number 
of small ganglion cells, which surround a central core of nerve-fibres constituting the 
medulla. The two lobes are interconnected by a median commissural system termed 
the central body, towards which fibres converge from various parts of the brain. In 
addition to the central body there are two smaller commissures, viz. the anterior and 
posterior dorsal. The anterior dorsal commissure ("' commissure c6r6brale sup6rieure 
of Viallanes) passes in front of and above the central body. The posterior dorsal 
commissure (“ pont des lobes protoc6r6braux ** of Viallanes) is a T^-shaped fibre-tract 
lying behind the former commissure The most conspicuous formations in the proto- 
cerebral lobes are the mushroom or stalked bodies which are regarded by many 
investigators as the principal motor and psychic centres of the brain. Each mushroom 
Ixidy rests on the surface of the protocerebrum and is divisible into an outer and an 
inner lobe. These lobes are eflch formed of a peripheral layer of nerve cells and a 
central fibrous tract, tile latter being deeply indented to form the calyx. The fibres 
are produced downward! to 
form the stalk and the two 
stalks of a mushroom body 
coalesce further inwards, thus 
giving rise to the mam fped- 
uncle which is inserted deeply 
in the medulla. In tS^egion 
of the brain, betwe^JS the 
mushroom bodies, are four 
small ocellar lobes from each 
of which an ocellar nerve takes 
its origin. The two outer 
nerves supply the paired 
ocelli, while the two inner 
nerves unite just outside the 
brain to form a single nerve 
supplying the median ocel- 
lus. 

(2) The optic lobes [optic 
ganglia or optic tract) form the 
most highly complex region 
of the brain and their degree 
of development is in direct 
relation with that of the 
compound eyes. Each lobe consists of three principdl zones or tracts of nerve tissues 
whi^ are connected by a similar number of layers of nerve fibres (Figs 61 and 80) 
The ganglionic layer or plate [periopticon) is the zone nearest the eye and is connected 
with the inner ends of the ommatidia (vide p. 80) by the layer of post-retinai fibres. 
The middle zone is termed the external medullary mas^ (epiopticon) and is connected 
with the ganglionic plate by means of the external chiasma which is formed by the 
crossing of nerve fibres. The inner zone is the internal medullary mass [opticon), 
the latter is united with the preceding zone by means of the internal ^chiasma. The 
nerve fibres of this layer cross completely in a manner similar to those’of the external • 
chiasma. The fibres of the optic nerve issue from the inner aspect of the internal 
medullary mass and divide into anterior and posterior bundles, which pass to the centre 
of the protocerebrum. The whole structure of the optic lobes is extremely complex ; 
their histology is described by Viallanes (1885), and in papers by Hickson and other 
writers who have investigated the structure of the compound eyes 

The DEUTOCEREBRUM represents the fused ganglia of the antennary 
segment. It is chiefly composed of the paired antennary or olfactory lohe$ 
which are prominent swellings situated on the antero-ventral aspect of the 
b]^ |tnd innervate the antennae. 

The so-called dorsal lobe is chiefly represented by a transverse fibrous tract situated 
strove the antennary lobes and serving to connect the latter together. Each hM of 



Fig 60. — Generaiized Diagram of the Three Pairs 
OF Gangiia forming the Brain. 

A, protocerebnim , B deutocerebrum , C, tntocGrebnim C, cortical 
(cellular) layer ; N, Deurosixnigium Other lettenog as m Fig 6i. 





kriaiag bom titM dentocerdbnim an four pairs nerves u f^w9 

mmt an the longest and most important, and an the seneotf nerves nt tile fStMae s j ' 

has two roots, one of which is derived bom the aatennaiy lobe of its sidlli Ii4 

«<bb bom tire dorsal lobe. The aceessory emtennat nerves issue bom the an* 
lobes sod an the motor nerves of the tyipmdages concerned. The UgmmUiiy amum, 
an a pab of slender strands arising bom the dorsal lobe* and passing to tim *' 
Arising near the origin of the latter nerves an the roots of tiie ersophages^ § 
Aocording to some authorities the fibres of the paired nerves suppljwg tile meilin 
otellus take their origin bom the deutocerebrum. ' 


The TRiTocEKEBRUM is formed by the ganglia of the third (b intercalaiy. 
segment of the head. It is divided into two small widely separated lobes 
wldch are attached to the dorsal lobe of the <deutoce^lbtim and r^v^ ^ 
nerve fibres from the latter. The tritocerebral lobes are joined towtha ' 


>9 



' Pto. 61 .— Diagram of the Brain and Viscerai. 


by means tif the post-oesop!ui^et 4 
commissure which passes immedi^ 
ately behind the (£sophagni||| 
They also, give origin to (in the'*' 
para-cesophageal connedives \ or ' 
crura cerehry^vM-ch. unite the 
brain witlf the suboesophageal 
ganglion, and (2) the UAro- _ 
frontal nerves. Each of the kttex ' 
consists of two bundles of fibres, ' 
one of which passes to the labrum 
as the labral nerve, and the oth^' 
forms the root of the frontal 


Nbrvotts System of a Cricket (much of 
the cortical layer has been omitted). 

a, fientral body ; eg, ganglion cells ; che, external chlasma ; 
ietemal efaiaama ; c«, paraKeso^ageal ctmuective ; 
aiwbrdaoi body; etc, post'Oesophageal (tritocerebral com- 
mtasure) ; post-retmfd fibres ; gpe, ocellar ganglion ; go^, 
'bypoq^bnu ganglion'; gOi, g0|, unpaired viscer^ gangfia; 
|vf»>lMopbageal canglion ; Id, dmal lobe of deutocerebrum; 
% Mioptiora ; to, olfactory (deutooerebral) lobe ; Ipc, proto- 
, ^cnrAbnd lobe : me, epioptioon ; mi, opticon ; no, antennary 
veitvn ; nl, labral nerve ; iio, ocellar nerve ; nt, tegumeutary 
Jiexmt { oe, outline of oesophagus ; flp, posterior dorsal com- 
ndanii^ ted, root of oesophageal ganglion ; tr, tritocerebrum. 

Ann. Soi.m. tS^ 


ganglion. 

2. The Suboesophageal 
Ganglion is the ventral gaag' 
lionic centre of the head and is 
formed by the fusion of the 
ganglia of the mandibular, maxil- 
lary and labial segments. It 
gives off paired nerves supplying 
their respective appendages. 


3. The Ventral Nerve Cord consists of a series of ganglia lyin^ on the 
floor of the thorax and abdomen. They are united into a longitudinal 
^ chain by means of a pair of connectives which issue horn the posterior 
' borcto of the suboesophageal ganglion. The first three ganglia ate situated 
* iixie in each of the thoracic segments, and are known as the thoracic gangiia ; 
the remainder He in the abdomen and form the gan§iia of that t^pon. 

.The dorado ganglia control the locomotory organs. Each ganglioo 
gives off two pairs of principal nerves, one of which supplies the general 
Unsculature of the segment and the other iimervates the musdes 
bga In the meso- and meta-thorax an additional pair of nmres is 
wbich controls the movements of the wings. 

* ' . „ The abdominal gangUa are variable in number ; in MachHu sad ia 

there are eight gangHa in the abdomen but as a rule thsre are ie^'} 
abdoinjnd gangUon frequently coalesces with that df the 
ijjlgjpx sad the terminal gangUon is always coatposite. The kttef, 

' R.aatare of a gaagHonio centre formed by the forioo ai at i 
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eO' 8j>tapatheti<; narvotu 33^em i$ divided into oeifafibaigpeKt 
and v^aetxal sympathetic systems, 

.'IBSOTSAGEAL SYMPATHETIC (oif STOMATOGASTttlC) MSRVOt^ 
is directly connected with the brain and innervates 
' and ^ddle intestine, heart and certain other .parts. It is docsid 

^^.{tosdtion, lying above and at the side of the fore-intestine and is divisibie 
ano' tw principal types , ,>■ 


c?r:5r 




i 






tonphagea] gangUon (right); r, 
^lion ; rg, stomachic gaogUo8u 




;; 


mi- 


' ’ ^ fore-intestine, where it,- , 

, s. ^ ^ ^on. The kttCT innervates;^ 

. ... ' A pair of asc^Ai^ja*^,?.- 

• , ■ ' ' .vijnst behind the hr^ s^ - ' 

■ ■ 'J *•' '■ ■ '■•. V. ' ■■ -f ganflion- They are-r^’Tt 

i ^ :;. ■ ''j. : '"yv ' 1 which have abeacly ho^v;’ 

. •■',■'■ y.-s-yiageal ganglia are tho.oSiy;.:;;.' 

.. 4i.^ - Xi ''v .>lii « L jiiiA ji^-ly referred to as poepO^f::^ 
gang^. ■ •• ' 

E)d' type of oesophageal nervous system (exhibited for 
;^a^i^arial Orthoptera) differs in that the stomatogastxic 
“ ^li^'narve terminating in a separate ventrieu^pr 
certain other families Oie hypocerebcal 







rm NERVOUS SYSTEM 

« 

VBKttui svkPATirarxc liEftvous svstbm (F%. 63) 

consists of a pair of transverse nerves associated vntfi eaul& 
ganglion of the ventral nerve cord, eadr pMr 
is connected with the ganglion pirteeding it by 
a median longitudinal nerve. The transverse 
nerves pass to the spirades of their segment and* , 
dilate into one or more small ganglionic enlarge* 
ments along their course. Arising from the last 
abdominal ganglion are the splanchnic nerves 
which pass to the hind-intestine and the repro- 
ductive system. 


The Peripheral Seiy^Ary Nervous / 
System (Pfg. 64) I 

This system is composed of all exceedingly 
delicate plexus of nerve fibres and multipolar 
nerve cells situated in the integument below 
the hypodermis Certain o:^e processes of the 
nerve cells are continuous Jmh those of bipolar 
nerve cells whose terminal prolongations inner- 
vate the sensory hairs on the general surface of 
the body The larger fibres of this plexus are 
denved from the paired nerves of the central 
nervous system (vide Zwarzin, 1912). I 



Fig 63 —Thoracic Gang- 
tiA AND Portion of 
Sympathltic Nervous 
System of a Cbieoxomub 
Larva 

pn> fHK A met g, thoracic ganglia , 
tabg, xat abdominal ganglion , t mm, 
transverse muscle, sym 

pathetic nerves After lUall and 
Hammond. 



Fio. 64.— Portion of the Peripheral Sensory Nervous System of a Silkworm. 

k,, ; s> «i bipolar nerve cells , m, m, multipolar nerve cells , fi, n, nerves After Amtr* 


II. Modifications of the Nervous System (Fig. 65} 

Tbere are many grades of cerebral development in insects and Viallanei 
ewidilered that the brain of a locust differs as greatly in shiicture Irom 
11^ laf a wasp as the brain of a frog does from that of man. 1 ^ 
kpM, for aeample, are very large in spedes with highly devdbped iiKMi|i|peiia(|| 



tm NERVOUS SYSTBIf «7 

«a 4 pootiy developed, or abs^t, in those with degienerato vuoal organs 
m without eyes. The antennal lobes show stnuslar relations between the 
dewdh^[htient of those areas and of the senses (xnrelated with them. As 
itgasds^the mtemal structure of the brain, there is a wide range in the 
degree of development of the mushroom bodies. Many investigators have 
observed the large number of sensory and motor nerve tracts that are con- 
central^ in these areas, and it is probable that, in the mushroom bodies, 
the main sensory impressions are received, actions coordinated and assoda- 
tions once acquired are impressed. The greatest development of these 
bodira is found among Hymenoptera, where they attain a size and com- 
plexity not found elsewhere. This specialization corresponds in a general 



p^o. 65 . — Schematic Figures 01 the Centrai Nervous System showing Degreiss op 
Concentration, based upon Various Authors 

A, AfaMts (Ouderaans) , B, Chtfxmomus (Brandt) , C S(rat^otf^vta (Kimckel d’Hcrculais) , D, Mufca (Hewitt), 1-3, 
ganglia , aft, «g-io, abdouunal ganglia , an, autennary iier\e , ol, optic lobe , sg, sub oesophageal gangUoa ; 
serves to legs , sd-3d, dorsal thoratu nerves , a nv, abdominal nerve cord 

way with the highly evolved phases of behaviour displayed among members 
of that order. Jonescu (1909) has shown that structural differences in the 
brain in drone, worker and queen bees appear to be correlated with the* 
degree of development of the special instincts and activities of the three 
forms. Von Alten (1910) and Armbruster (1919) have compared the ratio 
of the sdze of the mushroom bodies to the brain as a whole obtaining, in 
tl^ way, a kind of brain index. On the basis of such numerically expressed 
relationships the sawflies come lowest on the scale, the social Hymenoptera 
highest, while the solitary bees occupy an intermediate position. It is not 
possible, however to draw general deductions of this kind sinoe 
oompluutive studies have yet to be made in other orders. 

to Dujardin the volume of the brain is equivalent to 
the voluihe of the body in Apis, ^l^fth in Fonmea, siWtb in 
«ud 'n^th in l^iiscm. 




j. ^ . ff|R 

^A4 fti&lt mAMndiflM MittAiiitm i&i i rtwt 'Mnttal utrfwi^ uelkdtlllr 
4^ll^pU$tll!«» tlM ll>«Kf 

mm vcaxMk »n4 «%ht abdomtwl p^6^ $g» pxm il k , ta m 

JPef^/^kne/a and other of the lower t*tery^^>ta, however, there jl^ i| j 

hi the number of abdominal ganglia ; in Tabams the ^horedc flnh|^ lure 
insed into a single centre and the six abdomimd gani^ are vifvy Ma0 
oonoentrated. In VokceUa zonana the thoradc ganglia are ejtaitoiiy 
fused into a common centre and the abdominal gang^ have oCMuesOM 
into two centres. In the Snunthuridx among Oillembola, in certidh 
families of Coleoptera, and m the great majority of the higher CMrs;^ 
the whole of the thoracic and abdominal gangha are concentrated in a 
angle mass which, in the last two instances, is located in the thorax. Among 
the Cocddx cen^ahzation has proceeded still further, the suboesophagt^ 
ganglion being incorporated in the common thoracicorabdominal c^ntlt. 
Specialization along these hnes is by no means confii^ed to the most 
e^lved insects and appears, m many cases, to be correlated with a iMuo* 
tion in the length and segmentation of the abdomen which results \ia a 
forward migration of the ganglia. 


III. Physiology of the Nervous S^tem ' 

The experimental results denved from the study of the nervous system 
may be summarized briefly as follows 

The brain is the chief seat of sensation and is also the most important 
cotxdinatmg centre of the body. On the other hand, its capacity as a 
mptor centre is very limited and is mainly concerned with the antennal 
movemmits. Removal of the brain renders an insect inert and it is^no 
kmgw able to exert initiatory impulses that lead to the performance ni 
instinctive acts. Brainless insects can, however, be artiflaally stimulated 
to walk or fly, and they will feed if the food be placed m contact with the 
mouth-'parts, but there is no power of detectmg food if the latter be placed 
even a short distance away. The suboesophageal ganghon controls the 
movements of the mouth-parts and the loss, or destruction, of this centre 
results in inabihty to feed. Decapitated insects appear to lose both their 
initiatory and inhibiting centres, but can be artificially stimulated to oviposit 
and are able, to some extent, to walk and fly. Several observers have s^wn 
timt the cephalic gang^ exercise an inlubitory influence upon reflex re* 
spouses and e^ienments by Kop^c, on the gypsy moth, suggest that the 
arctnal centre involved is not the bram but the subcesophageal ganglion. 
Aim destruction of the latter centre strong reflexes result horn art^dal 
stimulation whidi produces less pronounced responses in the uninjltt^ 
%8ect. Decapitation has httle eflect upon respiratory movements, b«K»l4 
n temporary (l&tnrbance, and their controUmg centres are located 
Tboimophageal s^pathetic system comprises both sensory and inotjW 

S s and the recurrent nerve, through the medium of the frontal g 
mil the movements of the fore-intestine. Accordmg to Faivm, i 
olthe titmtal ganglion, or section of the roots which connect it iritbl 
results in cessation of the power of swallow^. The 
r centres concerned with locomotion are located in tire thoracio 
Ukoradc ganglion exhibits considerable autonomy mid tbe i 
i ecumectivef bdtiind and in front of the prothoraoic * 

t Ithe fore-lE^ hmn respmiding to stimulatiMii* 

m the fipimectives betw^ tbi and 
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^ ^ ^ %a&Sm %m W SlPajQB^ w 

t&ipitei tke ^n^UffO. 1M ji«M «| It^vcihent 

ii#l jw gg lM ^i a^ iieiivai 61 ^ 
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^,#6). tIi«filxrefto|j^d<tfsftl roots tmnii^ 

. .„ .jaiK» (pi fiMviexttralr&otsttre sensory aiibd end in comptexatt^^ 
(twiiiMEa. X024). BinetcoiidtidMtl»t the fibres were thus distributed from 
sfthiAkifl bp Cdleoptaa with immobile ri^tra, where the ventral or sensory 
foe^ alcMte are present in the mesothoradc ganglion ; Zwarzin has confirms 
and inctettded the work of Binet by using modem neurological tecbni(pie. 
Hie foncttons of the abdominal nerve cord are obviously best investigated 
ajfiong insects whose ganglia have undergone least fusion. A number of 
investigators, of whom the most recent is Stahn (1928). have shown that 
eadh abdominal ^mglion functions as a local centre controlling respiratory 
movements. It is, however, further evident that a second 
centre is located \n the 
prothoracic ganglion. This 
cratre appears to be influ- 
enced by the oxygen and 
carbon dioxide conten? of the 
medium, whereas t^^e abdomi- 
nal centres are apparently 
primarily concerned with the 
actual ventilation of the 
tracheal system In the ab- 
domen is located the centre 
for the reflexes governing 
oviposition and, accordmg to 
Kellogg, the hving abdomen 
of the female silkworm moth, 
when separated from the 
thorax, can be fertilized by the male and stimulated to lay fertile ova. 
According to Faivre, control of the reproductive organs, and of the muscles 
of the hind-mte&tme, is locahzed in the last abdominal ganghon which he 
terms the genito-splanchnic centre 

Among insects, therefore, there is relatively httle centralization of 
function m the nervous system In the absence of the brain complex 
xefieices can be mduced provided the specific ganglionic centre, and the 
nerves concerned, are intact. 


Fig 66 — Schematic Transybrsb Sbction Tmtamit 
A Thoracic Ganglion of an Insbct Acconmm 
10 Binlt 

D dorsal lobe V ventral lobe r z, 3, fnmps of donii! un»iectii;i|l 
fibres an alary uf rve ca anterior ventral comminure , cPt poi- 
tenor do cv ventral column cn, crural nerve dr, vr, dom ttid 
ventral roots i epmeunum 
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THE SENSE ORGANS 

T he faculty of appreciating differences between the external forces 
acting upon it enables an animal to maintain its existence. Nerva 
fibres alone are nbt adapted to receive the imjx'essions of these 
forces to an adequatb^de^ee. Special mechanisms are consequently neces^ 
sary in order to differentiate between the various and often minute forces 
acting on the organism. Such mechanisms are of various kinds and difior 
according to the nature of the stimuli which they are capable of appreciating, 
these structures are the sense organs or receptor organs. 

The simplest types of sense organs are termed senstUa. In their least 
modified form theydlpsely resemble ordinary 
body hairs but differ in having acquired con- 
nection with the nervous system and are 
thereby enabled to appreciate external 
stimuli. The elements which form a typical 
seasilla are the cuticular or external part of 
the organ and its special trichogenous or 
formative cell, and a sense cell. The sense 
cell lies in the hypodermis and its distal 
p-ocess penetrates the trichogenous cell to 
entor the cavity of the cuticular part of the 
sensilla. Very often, at the end of the 
sensory process, there is a minute sense rod 
or scolopaU which attaches it to a point 
on the cutide of the organ (Figs. 67 and 
101). The sensory cell is to be regarded 
as a spedal hypodermal cell which is con- 
nected with a nerve fibre. When the nerve 
fifore is traced inwards to its ganglion of the 
beqtxal nervous system it ends in fine ramifi- 
caric^. As in other invertebrates the only 
seaway cells detected in insects are those 
lyh^ in the hypodermis. This is in sharp contrast to vertebrates wlk^ 
cells have come to lie internally, close to the central nervous syst^ . 
fhose ctmeemed with the olfactory nerve alone retain the primitive coi^i^^ ' 
Fig. 68 is a diagram of the insect nervous system. A 
impresses itsdf upon the sensilla (or sensillse) conemued and an; ' . 
conveyed by afferent nerve fibres to an assodarion centre. m 
nervous system. The association centre is linked with a 
centre from which efferent nerve fibres pass to the muscles. Ihe assoda^^ : 
centre is a kind of two-way connection between the roots cd the sdd^V 
.W mdxff nerves. The degree of development of such centres varies gmtfy .. 
and; the mushroom bodies of the brain for instance, there are liuge 



Fig. 67.— Simple Trichoio , Sem- 

SII.LA FROM THE CeRCU^ OP 
Garuns OAMPasratB (cutionlai! 
parts deep black). 

c, trichogenous cell ; h, hypodennil ; 4 
neurilemma ; nv^ norve fibre ; ie. Sense ceO 
and its process ; <,ba8eofhw; 0, Vactt^f 



^ 1 ^. M;— Diagram of tbe Refuix Mechanism of the NERvoylf System of an 

Otae }iaU of a ganglion, g, of the ventral nerve cord is represented in outline. ' \ 

; sipeet ; V, vcntnl aapeet. A motor ind a seuory fibre (s.A) *f » lateral nerve ara tbowti A’tLln> 

'ttIMimt : AS, MUe organ ; (.c,Knaot 7 cyton or cell: m, muscle ;a.r,assoclatloa cyton motor oytoo. ITbeeomie' 

«../ .‘IjfiavMnaa by a ftlmolui, teodved by tbe sense organ, is represented by arrows.) y 

t'"'' , '• • 'i-'’ 

whose nerve fibres link difierent parts of the nervous sj/i^eiii' 

' The sense origans of touch, taste, and smell remain for the most part’ 
j i V ; , as isolated sensillse. Thow of s^^i 

hearing are usually compo^ 
/ j of aggregations of sensUlse, formh^ 
/y / / elaborate organs which 

r ( essentially localized in position.. 

; ^ ^fg Since the cuticular parts of the, 

w ^ W S sensillae, other than those of si£^ 

r;: . ^ ij, n and hearing, are to be regarded ^ 

V' -X \ modified setae, these organs are: 

' I \ alluded to as the skin, or setifisrt^,' 

I’ 1 , sense organs. Many t}^ <rf 

\ I latter have been described aflitong 

: .. OBf IB j insects, and they have received vati- 

VB pB ' names based upon chafiU^^$: 

afforded by their cuticular .paaife 
mm^ ^mmmrn foHowing classificatlon ^ 

^9~72) includes the common lands 
IP B t ^ largely based on tfaoMr .«f- 

Schenk (1903) and Berlese. It srnrt 
V , — - be remembered, howevCT, that thwhi 

’ types are often not sharply' 

/;W:*rea.--Ctmci7LAK Portions of Ssn- entiated and various intensedNli^ 
' ' exist between them. 

■ ^ // ii& tricboid (palp of CMUipkcnt) ; ft, haBronin (Xcruia ; . 

.. . Bfamie OiauBltom of t LepKIopceim) ; 00^^ /-x 

V «. jytacaid (Ophien); U ampullaceooi (oati). W ^ betHorm, WQ 

based upon various authors. lated with a base which is set' 

, general suifaco ci tte cutlcte;,'"'.;.'^|8^P 

Baeieifnic . — Conical and immobile, arising from tbe genenl 

(Biarticidate type of Berlese.) Differs from<^. 

One ur more pegs of the basiconic type which ^e 




,'-<SQiisi8ting of a plate or memboute covrttea^-i 
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^*****^ *r <M jwiiwr iMM«a»« tm 

o{ Lobboek Ud ^ a 

W wf> faecomlag (itolcMigad d««q(4y imMiids ti» locm w> tkMtow 
* wowtaes twoUeu, M iti mctr^mity*. Into aa adtpajla 4n4^ 
9 p«»ons. 


Thd diftesre&t kinds nf sense organs kre distinguished according to the 
notODS of the stimuli that they are adapted to receive. The tactile organs 
tB$|fnRd to simple contact with extenud objects and the auditory organs 
to vibratory motion induced by sound waves. These two kinds of organs 
may therefore be classed as the mechanical sense organs. The organs of 
smell and taste respond to chemical stimuli, acting either at a dis tance or 
by direct contact, and ma^ be referred to as the chemical sense organs. 
The organs of light respond to the stimulns of light and are probably 
a^pted to make us\ of a photochemically sen- ^ 

sitive substance, but, to be of value as distance m 

receptors, it is necessary for them to be able to ■ 

form images of external objects, g 

It is noteworthy that static organs enabhng H 

the insect to orient itself in a required plane, n 

and so preserve its 'balance, when in locomotion, |J._f 5 

have not been detected m the class as a whole. 1 g 
The possibility, however, that the chordotonal II - 

organs (p. 89), which have been found in almost l I i J 

all orders, may perform this function is an un- I I 

explored problem. I I I 1 

1. The Tactile Sensillae 

^ The tactile sensillae of insects are often dis- 
trilmted over the entire integument, a feature 
which is well exhibited for example in lepidop- 
terotts larvae. For the most part these organs 

attaun their greatest abundance on the antennae, ^ ^ 

palpi, legs, and cerci. The sensitiveness of insects MammutmI «»/ *' 

io tactile iminressions is due to the number and 6s, basicQiiicsentillft, atyloo^nio 

wide distribution of these organs over the body, ^ 

rather than to any elaboration of their structure. 

Tactile sensillae include the simplest of all the special sense organs and 
Ore of the trichoid type. Apart from the presence of nerve fibres in assot^- 
fkm with than, there is often little to distinguish them from ordinaiy ^ 
(dto^hlng hairs. They may be either slender flexible structures, or stouts^ 
and hmtle-like, both types often occurring together on the same appenda^, 
ia located over a pore-canal in the integument and is associated iidth 
^ miderlying bipolar nerve-cell. The latter is prolonged at one extremd^ 
tilth a fittve fibre, which enters the cavity of the hair and, in soma rugif, 
^ fihre may be branched. In lepidopterous larvae, Hilton has shown 
idb ttliiryeHCm are connected with the peripheral nervous system. > 

X The Olfactory and Gustatory SemUlsb , ^ 

of taste and smell ate higho- developments of a 
; the chief difference betweoi the two kinds of senM^, 
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i$ tliat sandl is the perception of chemical stimuli, acting tram a disfahnet# 
'whereas taste has scarcely any distance element, even is its most devalop^ 
form (Bayliss). It is, therefore, not surprising that the sotfe of stnCU is 
much more delicate than that of taste, and its recqrtm organs are oftm 

more m^hly aevdoped. 

Since tiiere ai^pears to 
be no constant structural 
difference between olfacto^ 
and gustatory sensillse in 
insects it is desirable to dis- 
cuss them together. It is 
also probable that in many 
cases the two kinds of sraisa- 
tlon are not sharply (^mar- 
cated.^ 

A large number of ei 
ments have been conducted 
■with a •view to locating the 
olfactory sense in insect^and 
the majority of observers 
agree i»*fegardingit as being 
mainly concentrated in the 
antennae Histologists have 
examined the sensillae pre- 
sent on those appendages, 
and have asenbed an olfac- 
tory function to various 
types. The problem, how- 
ever, IS by no means a 
straightforward one, as simi- 
lar kinds of sensillae may occur over the body, and on the palpi and cerd. 
Also, the antennae of many insects bear several very different tj^pes ol 
sensillae. It has been found experimentally that, in some msects, the 
olfactory sense is definitely restricted to the antennae. Thus Barrows (1913) 
ascertadned that no longer responds to odor- 

ous substances when the termmal joint of the an- 
tennae is amputated Certain other insects still react 
to volatile substances after the antennae have either 
been amputated, or coated with paraffin wax, 
although the response takes place more taidily, thus 
Implying a wder distnbution of the olfactory organs. 

There appears to be little doubt that the various 
types of sensillae on the mouth-parts and epipharynx 
are chemoreceptors of taste. While this conclusion is 
mainly based on morphological evidence, the physio- 
logical studies of Kunze (1927) and of von Frisch 
(J927-30) afford support to the contention as regards 
gustatory perception in the honey bee. There is, 
furthermore, considerable experimental evidence ffromthe work of Mfm'uoh 
(Z992, 1926, 1929) and of Crow (1932) that gustatory perception, in aewne 
tnsccte, also tal^ place by means of the tarsi. Minnich observed that 
certain Kymplialid butterflies uncoiled the proboscis when in proxtm^ 
materials and that the receptors concerned are located in tiUjlfl) 


Fig 71 — Basiconic (65) and Piacoid Sensiitae { ps ) 

FROM A WoRKl R OF Vx ^ P 4 OKABO 

Cf cuticle , hCf hypoderxaal cells , n/, oezve fibre , sc, sensoiy cells 
After Nagel 



Fig 72 CcELocoNic 
SSNSllXA (A) or 
Am MMWrM9A. 

eh, ctttide : A. hypoilec!^ t 
«.n«w 
Jakrb Morph, 



OLFACTORY AKO CfUSTATOJlY SENSILLB, 


AnakigOfilv resttXMOses vir&ct oH^tained by Ifinnidi and by Crow with Musdd 
flies in tb^ {Ktesence of appropriate sugar sohitions. Under certain conditions 
tiiesa iDsaots, w^ able to distinguish sacdiarose sohitions as dilute as 
M/25, 600 f^tti wata*. 

The pi^dpal types of sensilUe which have been regarded as chemical 
receptors include tiie various kinds of thin>walled structures enumerated 
under b-f on p. 72. They occur over the general surface of the parts bearing 
them (Figs. 71 and 7a) or they may be localized in sac-like invaginations 
of the integument, forming organs of a higher 13^)6 (Figs. 73 and 74). The 
latter are well exhibited, for example, in the flask-like pocket found on 
the apical palpal joint in various Lepidoptcra (vide vom Rath, 1896) and 
in the antennal pits of many of the higher Diptera (vide Smith, 1919). 
The number of sensillae pjesent in an msect is often exceedingly great. 
Thus in Melolont}i& Hauser (1880) states that there are 39,000 coeloconic 
sensillae to each antehna in the male, and 35,000 in the female. In the 
hive bee Vogel {Zool Anz. 

1922} finds that there are 
about 2,000 placoid sen- 
sillae to each antenn^ in 
the queen, about 6,000 in 
the worker and ‘about 
30,000 in the male. 

Chemotropism or the 
response of an organism 
to olfactory stimuli is a 
phenomenon of very great 
sig^cance in the biology gp 
of insects. It is particu- 
larly in evidence in the 
selection by many insects 
of their food, by the 
female when she chooses 



particular plants for ovi- pj^ — Sectiok through an antennat. Sbnsory 

positioiii Slid by the male i*n of a Syrphid {SxBJooMriA BORMAin) 


vdien in pursuit of the 
female. 


C, sen«wy trtls and their nuclei Nu , Ap, aperture of sensory pit , $p, 
ensilU , N, nerve After K M Smith, Froc /ool hoc 1919 


Little is known of the physiology of olfactory perception in insects. 
Vapours before acting upon the nerve ending of a sensilla must, in some 
way, enter into solution in a liquid either outside or inside the organ. One 
hypothesis claims that the cuticular parts of the olfactory sensillae aure kept 
moist by a film of secretion which reaches the exterior through the covering 
membrane or by means of minute pores in the latter. The existence of 
such a film, however, is difficult to detect and hais yet to be affirmed. .The 
alternative hypothesis holds that the covering membrane itself is of a texture 
directly permeable to vapours which enter into solution upon coming in 
contact with the vacuolar liquid surrounding the nerve endings (Figs. 67 
and xox). 


Verschaffelt (1910) has shown that the larval food-plants of Pieris rapa and Jf*. 
brtisttMt contain a group of glucosides — the mustard oils. He took a solution of 
which IS present in black mustard, and uniformly distobuted it over the 
aMives m pliuitB which the Piens larvm had previously refused to eat. Leaves so 
trsabjd Were readily devoured, and from such experiments it appears that tiieso 
larvte erfhiblt strong chemotropism towards mustard oils whose presence in the leaves 



that 



*' 4 " ~'-v - ; r 

;^;lr 3 S£S«od of 

' padt, wUch feed on certain of tbe 

llwiofefe Howktt (19x4) has noted a markod re8Mn8e\ift. i^^ 

\ WDop^^ to the stimulus of the odours of benzaldehyde, omiOfeiyfeldAL)^^ 
■giiis^klehyde. Chatterjee in India has discovered ihat Kusum oil hU 'k'ioA^bm 
. aitraction for both sexes of the Coreid Serinetha augur. Dewits ascertained . ft 

hi odour of the nectaries of the vine itowers that attracts the vine moilfeatul fediwM 

tSiem to oviposit on the unopened buds. Barrows (1907) has proved that 
' ampelophila, which lays its eggs in fermenting fruit, exhibits an optimum re^^odae 
to a mixture of ethyl alcohol of 20 per cent, strength and acetic acid of 5 per .0^. ' 

It is noteworthy that cider yiaei^,' 
and fermented cider, contain hfeo«' 
hoi and acetic acid in percentages 
very close to those just quotrai 
CruTpb and L^on (1917) have pro* 
duced evidence suggesting] 
carbon dioiude is the chief st 
inducing oviposition in the 
fly, and Richardson (1916) ' 
t^t ammonia exercises a 
attraction for those Diptera ' 
spend paft of their lives in 
form of animal excrement. Id 
and Husai]v(x92o) have conducted 
experiments showing that many 
Diptera are more strongly attracted 
to esters rather than to the respec* 
tive acids or alcohols. '•% 

The remarkable phenomenon; 
known as ** assembling,'* which is 
particularly prevalent among mojihs 
belonging to the Lasiocampina, is' . 
another example of chemotropismV; 
The females emit an odour to . 
attract the opposite sex and, uxidi^ 
favourable conditions, a fr^lbly 
emerged example of the sex. wilt 
attract scores of males which Hiy 
up against the breese. Sidkeip 
(1903) has compared the number ^ 
antennal sensillae of certain 
in the two sexes of species in wmCh/ 
the antennae exliibit pronounced 
sexual dimorphism in correlation 
with differences of sexual behaviour. 
In certain species the ratios 
numbers in the male and fein§fe' 
were from 3*5 : i to 8 : x. Hbwlm 
(1915) has^iscoveredachemotiu^' ; 
phenomenon in certain specftS 
the males of D. diversus being Strongly attracted by isoeugenol, D. MsnAM. 
ai^yl-eugenol, and D, ferrugineus by botii reagents. The significance of ' 
' /ny^ponses is not properly understood, but it is noteworthy that females aie 
;.jnlfeacted by ^e substances motioned. ' ' ‘ ; f 

and others have shown that ants are guided in their foraging eocpo^iibdi^ 
of their contact-odour sense : they recognise by means of theft.fefeei^^ 
odgm the odour-form, and hence also the direction of the trails 
om feet and those of their nesftnates. Blind or small-eyed auts fefttfyvl 
trails very closely, relying upon their topochemical sense in 
" ' .fiack to &e nest (Wheeler). also react amicably towards ftiid 

.irf their own colony, and by this means tixey are able to 
'^and **alie&8.** 





‘.Ffe. 74.— Longitudinal Section thNoucb thb 
. APEX OF the Labial Palp of Pjmmim mmab- 
/mm, SHOWING Sensory Pit. 

■‘ja,ciiflcSB : hy, hypodermis ; n. nerve ; seh, scales ; sh, seasUto ; 
odls. Afier vom Rath, Ztits. i 


,iir>«liPfoi7 ceils. 


. wiss, Zool, 1S88. 
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«*« * 2 ^ ^ ****®®*** ‘ ^ »»■ 

«0{^PWUr lypicafly both kinds otcm in the same Uttect 

buii mt w other hand, either or both may be absent. Ocelli are oUmi 
l a eWn g hi the ima^mee and compound eyes are wanting in larvae. VlthMil 
QifUO of any land a» usually absent In larvae which Hve in situations 
ocSitnaled the light Among adult insects they are either want* 
ing, ea exhibit various stages of degeneration, in cavemicolous forms Sad 
in various specks which inhabit the nests of termites and ants. They 
are also wanting or degenerate in many of the Anoplura, in the sterile 
castes of almost all termites, and in the workers of certain ants. The 
two types of eyes are treated separately below. 

S A. THE OCELLI 

Ocelh are divided into two classes (i) the dorsal or pntneay ocdJi of 
adult insects, and nymphs : and (2) the lateral ocelh which are the usual 
larval eyes. 

X. THE DORSAL oOElli. The dorsal ocelh are innervated from the 
ocellar lobes which are located in the protocerebrum, between the mush- 
nxan l^es. When typically developed they are three in number disposed 
in a triangle. In the Plecoptera they arc borne on the frons, and m certain 
other insects the median ocellus is situated on the frons, while the paired 
ocelli are located m the 
suture between that 
region and the vertex. 

In the more speciahzed 
orders the ocelli are 
usually situated on the 
vertex. 

The median ocellus 
exhibits evidence of a 
paired origin smce the 
root of the nerve 
supplying it is double, 
whereas the nerve-roots 
of the other ocelli are 
sinig^. In some insects 
(e.g. Odonata, Bombas) 
the^ median ocellus ex- 
hibits a bilateral struc- 
tuxie which is never 
foamd in the remaining 
oeem. 

1W dorsal ocelli 
gmariy vary in the 
dahps of their struc- 

VHxious insects, '> 

iWtt Ibcy exhibit certain common essential features and the following pflXIhl 
distinguished {Fig. 75). 

Tl^ eomea.-'^Tbe name cornea is given to that portion of the catk% 
1 $ aatohed or raised to form the external investment of the eiprilHiik 
* the cuticle is more transparent than elsewluxe and usm^ 



Fig 


75 — Section through an OcELtus of Apsttarmf ^ 

BPUMAMA 

m, nucleus of corneagen cell, I, tent, «io, oodlar nerve, pen, 
fft,rhabdom, sc », nudeus of retmubs After 
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becomes thickened to form a more or less spherical body knimm <is tibe 
ims. In rare instances (Ephemeroptera, Fig. 76) the cornea is arched fant 
not thickened and the lens is formed by a mass of polygonal cells lying 
beneath the comeagen layer (vide Hesse 1901, Seiler 1905).' 

(b) The comeagen layer . — ^This layer is directly continuous with the 
hypodermis but differs in being composed of colourless transparent ceUs 
which secrete and afford suppotir to the lens. In some insects its cells 
become elongated and grouped together to form the vitreous body which 
supplements the lens in its function. 

(c) The retina . — ^The retina is composed of visual cells which are nerve 
end-cells, each being in direct connection with the termination of a fibre 
of the ocellar nerve. The visual cells are associated together in groups 
of two, three or more cells, each group being termed a rettmda, which 

surrounds a longitudinal 
optic p6d or rhabdotn.\ The 
latter IS produced along the 
inner junctions of thekom- 
ponent cells of a retmula, 
and varies in form according 
to the number of those ceUs 
present. 

(d) Pigment cells. — In 
some ocelli there are acces- 
sory cells loaded with pig- 
ment situated between the 
retinulae, or the pigm,ent 
may be contained within the 
visual ceUs themselves. In 
deeply pigmented oceUi the 
margin of the lens and the 
proximal ends of the visual 
cells are enveloped in a dense 
layer of pigment forming the 
ins which is only interrupted 
by the fibres of the ocellar 
nerve. 

2. THE LATERAL OCELU. 
The lateral ocelli are, with 
very few exceptions, the only 
eyes present in insect larvae. As their naime implies, they are located 
on the sid^ of the head where they occupy positions corresponding 
tvith those of the compound eyes of the imagines. The number of later^ 
oceUi is variable and not always constant in the same species : in some 
groups there is a single oceUus present on either side, while in others there 
may be 6, 7 or more ocelli. They differ cssentiaUy from the dorsal ooelU 
ffom the fact that they are innervated from the optic lobes of the brain, 
There are also great variations in the structure of the lateral oUefii; in 
some insects they are highly evolved organs, resembUng the dorsal oceUi, 
while in others they are little more than groups of a few sense cells. Many 
of the structural variations represent different degrees either of degtmetatioa 
ISat of arrested development. 

( The absence of compound eyes in almost aU larvse is due to the deveh^ 
, Jpient of these organs being delayed until the pupal stage. Thdr plaoei 





Fxo. 76 — Section of the Median Ocelius of Cskfoit 

Ct cuticle , cl, cotneageD layer , I, cellular lens v, vitreous layer , 
ft letinule , t, tapetum , p, pigment , n, ocell«ir nerve After Hesse 
>901 


THE COMPOU)}]> EYES 

taken by the lateral ocelli whidb are adaptive organs ftinc' 
tionai dvaing the larval iostars. Althouj^ the formation of the complete 
compoand «s^ is postponed until pupation a small number of ommatidia 
(vide p. So) tnay be developed in some cases and function as larval ocelli. 

The pdncipsd types of Lateral ocelli are dealt with below 

(a) In larval Tenthredinidse there is a single ocellus present on either 
side ci the head. Structurally 
these organs are almost identical 
with the dorsal ocelli already 
described. Each consists of a 
biconvex lens and an underlying 
vitreous body formed by the elon- 
gated cells of the comeagen layer, 
the retma is formed of a number 
of retinulee each conl)Bosed of four 
cells with a t5rpical 4-partile rhab- 
dom (vide Kedikor/ew, 1900) 

Among larval Coleoptera (Dyitsius, 

Hydrophthis, A «/*««)• the lateral 
ocelli exhibit the same essential 
structure but differ m their more 
detailed features (Fig 77). 

(b) Among cerlam laival Lepidoptera and Tnehoptera, and also in the 
larvae of Suihs, Myrmeleon and certain other msects, each lateral ocellus 
has the general structure of a smgle ommatidium of a compound eye (Pank- 
rath, 1890 Hesse, 1901) 

(c) Among the CoUembola the lateral eyes form the visual organs of 
the adults They are variable in number, there often bemg 8 to a side, 
and each eye consists of a single ommatidium of the eucone type Among 

the PodundcB, however, they are 
more degenerate and have lost 
the crystallme cone cells (Fig 
78, B) 

(rf) In many laiv®, particu- 
larly those living in partial dark- 
ness, the ocelli exhibit varying 
degrees of degeneration and, in 
Ceratopogon, they are reduced to 
a pair of visual cells with two 
overlying pigment cells (Fig. 
78. A). 

(e) In the larvae of certain 
aquatic Nematocera {Cvkx, Awh 
pheks, Cltaoborus, Dtxa, etc.)* the 
lateral eyes are comparatively unimportant , the compound eyes, on the 
other hand, are present m varymg degrees of development in close associa- 
tion with them, and eventually become transformed into the completed 
organs of the imago (vide Zavrel, 1907). 

B. THE COMPOUND EYES 

The p^cipal feature distinguishing compound eyes from ocelli of 
eilllMr typels the fact that, in the former, the cornea is divided into a numbek 
i^Mjpatnte facets, whereas there is only a single facet to each ocellus. Cceth 



Fio 78 — Section through an Jiye-spot 
OF A CMnATOPoooir Larva After Hesse 
B. SECTION THROUGH AN EyB OF AsUBiO^ 

iUMtftMA Original 

At enti^, At comeagen layer k hypodermis, I, lens 
1^. iketee me , p, pigment cell and its nucleus n , v, visual cell 



Tig 77 — SECTION through an Ocetlus of a 
Drri^rvB Larva 

r culitle I Ions h hypodemus r retinal colls with 
tlur ihalnloins t vitroous layer (niocUBed bypodermat 
ctlls) After Gicnaober 
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Fia. 79 -»Hbad of Bimio marci (Malc), showing Divided 
Eye (Left) 

gf upper divi<«ion of eye , b, lower division 


seiiiid eytt iMttipd of of 

0 mmtbik. eodli oitinvmuu with ft oM imt dMi 

oonwa. Certain other feattowi have been regarded at 0iitm0^ <d 
pQ«Qd eyes, bat in some cases they are also fowdia ODdd*. 
eyes, similarly to lateral ocelli, are innervated from the i^c MkI fi the 
brain (Fig, 8z). 

The number and size of the facets of the compound eye vary wHhbt 

wide limits. In extreme 
cases, as in the wojfiKlr 
of the ant 

tattssima, each eye is 
composed of a singte 
facet. According to 
Forel there are 
facets in the same caste 
of Solenopsis n^«a, 
while among oth^ ants 
the number varie 
tween about loo^ 

6oo in the workers,^ 200 
and 830 in the females, 
and between 400 and 
1,200 in the males. In 
Musca the eye consists 
of about 4,000 facets, in 
some Lepidoptera from 12,000 to 17,000 (Packard) and in Odonata betupn 
10,000 and 28,000 or more (TiUyard). In most msects the facets are very 
^dlosely packed together and assume a hexagonal form, but in some in- 
stances, where they are fewer in number and less closely compacted, they 
are circular. The facets are not always of equal dimensions over the 
whole area of the eye. Thus, in the males of Tabanus they are often 
larger over the anterior and upper parts 
of the eye, but the two fields are not 
diatply demarcated. In the males of 
oartain other Diptera, including species 
ltd Si^ and S%tniUittm, the two areas of 
dtfierent sized facets are very distinctly 
nq^nrated, each eye appearing to be 
> double (Fig. 79). The extreme condition 
f || attained among certain Coleoptera 
several Cerambycidse, etc.) 
and Fpbemeroptera {Chlceon), where the 
' parts of the eye are so remote horn 
' haA other that the insect appears to 
ntMsess two pairs of compound eyes (Fig. 
in}. In Chlceon the anterior division of 

eye is elevated upon a pillar-like outgrowth of the head. whUli) 
<i,|Meterimr division is normal. 

.) fSX SntUCTURE OF AN OMMATIDIUU (Fig. 82 ). The StTUOtitt# #d|ls 
varies in different insects but in aU cases the diSereimmiln 
ji^ftatiane ot a common type. The various parts which eblttr'lllm 
Hi iimpodtion of an ommatidiom. passing from without kmtik .Wo 
bdow. ' “ 



Pig 80 --Head of 
SHOWING Divided Eve (Rictti)!). 

a. upper dlvlsioD of eye . h, lUelta* 


M <)9iI¥imIi Vl)^ tmmptmit «mM «f ^oUtite 

<>l m waA U 6§m wm or kwi bicomvex 

part of the hypodenuis vhidi extends 
htjftim 4m oocnen is kaown as the corneagen layer. It consists of t>im 
ceilf| w3)ioh, in somke insects, are <Mily to be detected iiwth difficulty. In 
ower abases they are wanting and, in these instances the cornea is secreted 
by the outer ends of the cells of the crystalline cone 

^ Tlfte crystaUme cone ceU^ — ^Beneath the corneagen layer or the cornea, 
as case may be, theie is a group of four cells which m the eucone eyes 



IDto* ftx — Section through thf Eye and Optic Lobe op a Worker Honey Bee. 

ite. ^Mnakpnt (or fenestrated) membrane Cor cornea /«i| penopticon /m, epiopticon , /«»• optloon siMiar 
InUm} chiasma , Om, ommatidium Opl optu lobe outer eh external chiasma I rom Snodi^raas, after Phllty^ 


secrete a transpaient body termed the crysfalhne cone. The nuclei of these 
ceUs are sometimes known as the nuclei of Semper * 

(40 Tht primary ms cells— These are densely pigmented cells whidt 
are deposed in a cuclet surrounding the cells of the crystaUme cone and 
tl^ ftonieagen layer 

The rt^rwla — ^The retmula forms the basal {wrtion of an omma^ 
and is composed of a group of usuaUy seven pigmented visual cdOs, 
EUs)l lid the latter is contmuous with a post-retmal fibre and fmms a nerve 
The visual cells collectively secrete an intemal optic rod Of 
villliim and the portion of the latter contributed by eadi cell ts termed 
a rtpipTiiiirif Each rhabdomere is stated to exhibit an extremely fit 


j 
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fibrillar structure, the individual fibrils passing right through th^ cell and 
emerging as the single nerve fibre previously alluded to. The rhab<lom 
forms the central axis of the retinula and is in contact with the extremity 
of the cryst.dlinc cone. 

(/) The secondary ins cells —These are commonly donated pigment cells 
which surroimd the primary iris cells and the letinula, thus serving to isolate 

• an -ommatidium from its 

cl neighbours. 



The proximal extremities 
of the ommatidia rest upon 
a fenestrated or basement 
membrane through whose 
])erford1ions pass the nerve 
fibies fiom the retinulai and 
frequ(/itly line tracheie, The 
lattei, as tlw'y enter fiirther 
into the eye, become arranged 
jidiallel with the long\axes 
of thwommatuha The n'prve 
fibi es (post-1 etinal fibres) 'col- 
lectively unite the omma- 
tidia with the periopticon or 
outermost tiact of the optic 
lobe t)i the brain 

IHl 1 YPI S OF C OMPOUND 

Fvrs -Eour types of com- 
pound eyes are described 
among insects Of these, 
the first three were recog- 
nized by Gren<iclier (1879) 
and the fourth type by 
Kirchofier (1908-10) 

I Eucone eyes — In eyes 
of this type each ommati- 
dium contains a true crystal- 
lint* cone, which is a hard 
refractive body formed as 
an intracellular product of 
the cone cells : the nuclei 
of the latter are located in 


Fig 82 — Diagkam 01 Generaiizcd OMMAnoioM OF front of the cone Eucone 

THE Eucone ivpt ikom an Pyb givim. an eyes are found in the Thysa- 

APPosn.oN Image nura, Orthoptcra, Odonata, 

crystalline tout, ci (onieaffon n>ri / toriipal Itns in fcnc r'* i i. • i j. 

strat^d mpinbram , nf nenc hbit , pt pnmirv ni-s cdl , r relinula rll#pil(?lTieropt6r3., 1 riCilOptCrSt, 

fh, rhabdom , ai set ond 4r> ms tells A, B, an U , tran&veise sections t 1 

of regions bearing torresi>onding Utteimg J.epi(lOptera, HymenOptera, 

Chrysopidai, certain of the 
Hemiptera and in the Cicindehdai, Carabida:, T)ytiscid«e and Scarabaeidae 
among Coleoptera. 

2. Pseudocone eyes — In this typt* of eye there is no true crystalline 
cone and the four cone cells are filled with a transparent, semi-liquid material 
which lies in fropt of the nuclei Pseudocone eyes are found in the Brachy- 
cera and Cyclorrhapha among Diptera 

3. Acone eyes. — In the acone eyes there is a group of elongate, transparent 
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cone cells but the latter do not secrete iny kind of 
cone whether crystalline or liquid Eyes of this 
kind are found m the Derinaptera, Hemiptera, 
certain of the Dipt era Nematocera, and in the 
Staphyhnidae, Histcridae, Silphidae, Coccinelhdse and 
Cuuulionid<E among Coleoptera 

4 I’xotone Ihc name exocone is here 

ajijilitd to that type of eye in which the crystal- 
line cone IS replaced by a cone of extracellular, 



1 IG IWO SlAGlS IN 1111 DlMIOlMFM OI IHF 1 II TH 

OCI I 1 1 S or AN IftLlt S I ARVA (CoILOIHRA) 

< (utirulii itds cl rudiments <£ kns h h\| ultmis I corm il 1 lyct 
(MtK us I d>) » ntrvt r tclini / veituil sht in tlu tt tiiii ;ir retinal cellfc 

bold I lie, this blit licm KoibthtU lud lltidir tfUr latttu 

cuticular oiigm which apjicais as a deep ingrowth 
fiom the inner .ispect of the comeal facet, in front 
of the unmodihcd cone cells Eyes of this type lire 
found in the Dcrmcstida', Elateiidae, Byirhidae and 
Malacodermat a ( Kirc hoffc r) 

THT DJViioPMiNi oi 1 \ I s —The structure of 
compoimd eyes and oc elli is best appreciated after 
taking into account the essential facts of their 
development (Figs 84 to 87) 


In the case of an ocellus development commences wnth the formation 


of a hypodermal pit Ihe cells boi dering the edges of the pit become 
differentiated into the corneagen layer and vitreous cells : the deeper cells. 




forming the bottom of the pit, become grouped in such u manner as to 
produce the rctinulae, their inner ends giving off nerve fibres which unite 
to form the optic nerve. In the simple type of ocellus, exhibited in the 
larva of Dyttscus (Fig. 77), the mouth of the pit is still perceiitible beneath 
the lens. In the larva of Acilius Patten has shown that the marginal cells 
of the pit grow inwards, and meet over the deeper parts, thus producing 

• a two-layered ocellus. 



In the larva of 
Hydrophilus a more 
complex three- 
layered condition is 
arrived at by a fold 
of the hypodermis 
on one side of the 
/■jiit (Fig. 86). / 

Each ommati- 
dium of the com- 
pound eye coW- 
* mences as a pillariof 
tluckened, elongal^, 
hyp0derm.1l cells, the 
pillars being separ- 
ated by undifferenti- 
ated tissues (Fig. 87). 
The cells of the pil- 
lais become differ- 
entiated into an 
outer senes yielding 
the f.acets, crystal- 
line cones and prim- 
ary pigment cells, 
and an inner scries 
producing the reti- 
nula; The liypoder- 
mis between the 
ummatidial pillars 
becomes transformed 
into the secondary 
pigment cells (vide 
Joliansen, 1893). 

THE RELATIONS OF 
COMPOUND EYES TO 


Fig. 85— Two Latfr Siac»i in tii! DfviiopMiNX or niL 
• Fifth Oceittjs of an Acjiira Larva 

f, pigmented ms , m middle inverted 1 «vor nf the eye , othci lettering as m Fig 
84 From Korsrhtlt and Hcitltr after PatUn 


OCELLI. — It is well 
known that very 
similar types of eye 
occur in distantly 


related animals, and that nearly allied species frequently differ in the 


fundamental structure of their visual organs. Even very different types 
of eye may occur in the same animal. In considering the relations of 
compound eyes to ocelli in insects the above facts, therefore, need to be 


borne in mind. . 


The lateral ocelli of many Collembola, and of larval Lepidoptera, are 
comparable individually with a single ommatidium of the compound eye. 
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COMPOUND EYES AND OCELLI 
In theses, instances the ocdli repre- M 


sent a few disseminated ommatidia 
or, in other words, they are rudi- 
ments of compound eyes With the 
dorsal oceUi, and the lateral oceUi of 
a similar character, the case is very 
different. In organs of this kind 
theie is a single lens m front of a 
larger or smaller number of reti 
nul® In the compound eye then 
IS a number of separate lenses oi 
facets each assoaated with a single 
retinula 

Attempts have been ’made to 
denve the compound eye fioin an 
organ composed of a group ot ocelli 
of this latter type 1 Ins method of 
origin IS upheld by Korsdielt and 
Heider whose <oiKlu‘«ons au based 
upion a comparative study of tlu 
eyes of Myiiapods Jhe tyc of 
Scohpendra consists of a few typi 
cal ocelli, each with a cutuiilai h ns 
m Ltthohtus and Julu!> theu <ire 
30-40, or more, similar ocilh on 
either side In Scutigera a kind of 
compound eye is present whuh is 
formed of 200, 01 moie, closely com 
pacted ocelli The latter aie ton 
siderably modiiiid by mutual tom- j,' 
pression until they have assumed 
somewhat the eharaeter of omma 
tidia, the letmulce associated with each 
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ocellus being greatly 1 educed in 
number Ihis type of eye is 
regarded by Rosenstadt as inter- 
mediate between oeelli and true 
comjiound t*yts 

Gitnacher regards ocelli and 
compoimd eyes as "sisters” de- 
rived fiom an ancestral type of 
visual organ, resembling an omma 
tidium of tilt atone' type of the 
'lipul]d<e Ihe tomjiountl eye is 
derived through an increase m 
the number of these simple eyes 
and their dose aggrt'gation , the 
ocellus is denveei through the 
multiplication of the retmulae 
vith a conesponding increase m 
the size of the lens 

Insects alone afford no due 
to the problem and speculations, 
confined within the limits of that 
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class, lead only to the conclusion that if the two t}rpes of organs, have a 
common origin that origin must be sought for elsewhere. 

C. THE PHYSIOLOGY OF VISION 

The eyes of insects, when completely developed, are divisible into two 
regions which are structurally and •physiologically different. In the typical 
ocellus the corneal lens and vitreous cells constitute the dioptric portion 
of the eye, while the rctinulse along with tlieir rhabdonis lorm the retina 
or percipient portion. In the compound eye the diojitric portion is com- 
posed of the comeal facets and the underlying layer of crystalline cones : 
the percipient portion is similarly composed of the retinulae and their 
rhabdoms. The retina in insects is only comparable with the rod and 
cone layer of the retina of the vertebrate eye? 

VISION BY MEANS OF OCELLI. -The dorsal ocelli are constructed upon 
a plan more nearly resembling that of the human eye than the Arthropod 
compound eye. Since there is no power of accommodation in the diopiric 
layer, and the lens is strongly biconvex, vision is limited to the jierceptipn 
of very near objects. The small number of visual elements implies an 
image of a crude or indefinite kind, and this image is an inveited one. The 
experiments of Plateau and others have shown that calerjiillars, for example, 
do not perceive objects at a distance greater than i or 2 cm. : spiders, with 
their highly developed ocelli, have little power of appreciating the shapes 
of the objects which they see. Forel and Lubbock believe that the ocelli 
of the social Hymenoptera are used by tho.se insects when in the darkness 
or .subdued light of their nests. In a few words it may be said that experi- 
mental evidence indicates that ocelli are used to distinguish between light 
and darkness, and are capable of conveying a coarse image of very near 
objects only. 

VISION BY MEANS OK COMPOUND EYES. - -The princijml theory accounting 
for vision by means of compound eyes is the well-known mosaic theory 
formulated by Miillcr in 1X26. This explanation with certain modifications 
based on the work of Exner and others, is generally accepted to-day. Mul- 
ler’s views are best understood by regarding the comjiound eye as being 
built up of an immense number of minute, elongate, transparent tubes 
arranged with their long axes parallel to one anothei. Let each tube be 
coated externally with a dark pigment, so that it is optically isolated from 
its fellows, and the only rays of light whicli will traverse the tubes, from 
end to end, are those parallel with the long axes : oblique rays will impinge 
on the walls of the tubes and become absorbed by the pigment (Fig. 88). 
In the comppund eye each ommatidium will only convey to the retinulae 
ra5^ coming from a very small portion of the whole field of vision, 
and only those travelling in the direction of its axis. The impression 
received through such an eye would be a single mosaic picture, formed 
by the same number of points of light as there are omniatidia, each point 
of light corresponding in colour and density to the corresponding part of 
the object viewed. 

It is now generally recognized that compound eyes are specially adapted 
for perceiving the movement of objects. Tlie movements of even a very 
small object in the field of vision would be immediately registered on the 
mosaic picture received on the retina, which would become suddenly altered 
in one or more of its components. The extent of the alteration would 
depend upon the size and distance of the object, and the number of omma- 
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tidia affected. Such movement would be quickly impressed) upon the 
brain of the insect and the latter would respond accordingly. It is often 
possible to approach an insect so gradually that the change of position 
passes unnoticed. An object as large as a human being affects all the 
ommatidia equally and simultaneously and, .since it is moving very slowly, 
the change of position only causes sUght changes in the character of the 
image as a whole. A sudden slight mot^ement of any part of the body is 
often sufficient to cause the insect’s immediate departure, owing to the 


fact that it abruptly affects a series of ommatidia 
in succession. 

The distinctness of vision depends partly upon 
the number and size of the ommatidia. An image 
formed by a vast number of minute onunatidia will 
be sharper and more detailed than one formed by 
a smaller number of larger elements. It further 
depends upon the amount and distribution of the 
pigment surrounding each ommatidium, which 
determine the degree of isolation of the light pass- 
ing through the latter.* Since compound eyes gener- 
ally possess no focussing mechanism, insects cannot 
perceive form lieyond a few feet away, although 
perception of movenu'nt extends to a much greater 
distance. The closer an object is to the eyes the 
greater will be the number of ommatidia enqdoyed 
to produce the impression, and consequently the 
sharper the vision. 

In eyes adapted solely for diurnal vision the 
retinulae are in contact with the ajiicesof the crystal- 
line cones (Fig. 88). A dense layer of pigment 
surrounds the cones and only rays of light issuing 
from the apices of the latter leach the rhabdoms. 
An image formed in this kind of eye is termed an 
apposition image because it is built up of apposed 
points of light , it is a true mosaic in the sense of 
Miillcr. According to Exner the image produced is 


ace 



88 - Diagram repre- 
SENTiNG Vision with 


an inverted one, but apparent Ij/ this is not always the 
case since Eltringham (1919) has observed an erect 
image in the cuconc eye of a butterfly. 

In eyes of many nocturnal and crepusscular in- 
sects the rhabdoms are not in contact with the 


AN KYE GIVING AN 
AiTosiiioN Image. 

Jbe oulv ra\s of lip;ht fiom an 
«l)j < a L e whu b will r(*Jch tL#- 
utmula: aic tbobc paiallcl to the 
long axes of the ommatidia (e g 
ab, cd, ff) All oblique rays 
impinge on the sides of the cones 


apices of the cones, the two elements being separated 
by a space filled with transparent tissue. The 
ommatidia in this kind of eye are consequently 
greatly elongated (Fig. 89). The pigment is capable 

of forward or backward migration according to the amount of light avail- 
able. At night time it moves forward and freely exposes a large portion 
of the cone apices with the result that rays of light entering adjacent 
ommatidia, traverse the space already alluded to and readi the same retinula. 
In this t3q)e of eye there is an overlapping of points of light and the image 
thus formed is termed by Exner a superposition image, which is an erect one. 
It is evident that in an eye of this description a limited. amount of light 
will produce a better image than in an eye giving an apposed image where 
much of the light is absorbed by the pigment. The eyes of nocturnal 
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insects are adapted, therefore, to perceive the general forms and the move* 
ments of objects when there is very little light available. Owing to the 

overlapping previously explained the image is a 
continuous One and not a true mosaic. Many in- 
^ ,1 sects with eyes giving superposition images are 

\\ P adapted to make the most of varying degrees of 

\‘ I light. In the presence of an increased amount of 

light the pigment moves backwards, like a dark 
I V ■ sleeve cutting oft more and more of the peripheral 

J \ \ rays and, m this manner, the luminosity of the 

I ' I \\ image is decreased without reducing its dearness. 

! ‘ \ By fixing and sectioning the eye of an insect which 

j 1 \ had been kept for a time in the light, and compar- 

j* ing it with the eye of another individual of the 

■ ' f .same species which had been confined in the dirk, 

, i I . 'j ^ Exner was able to definitely prove that conre- 

1 I ; I'l I 1 : p. spending changes in the distribution of the pig- 

Y/ ment take place. \ 

^ n r In night-flying insects there is a structure termW 

j ' / the tapetum which leflects the light that has entered 

j I . the eyes causing the latter to shine in the dark, 

j ! / when they assume the appearance of golden or 

j '/ / ruby globes In eyes of this kind the retinular ele- 

1 f / ments are impregnated with a special colouring 

1 I * / substance (orvthiop.sin, zanthopsin) and the spaces 

! j I between the retmulse are densely packed with fine, 

j I longitudinal trachcce filled with air (Fig go). It is 

I ! / probable that the effect of the faint nocturnal 

j,', ' light is intensified owing to the light passing 

j; through the retinulae a second time, when it is re- 

j' J fleeted from the glistening tracheae of the tapetum 

M M /\ (vide Bugnion and Popoft, 1914) 

I The divided eyes of certain insects have been 

I alluded to on a previous page. Such eyes consist 

I of an uppier portion composed of large facets, which 

j are adapted to give a sujierimposed image, and a 

! ^ lower portion composed of smaller facets giving an 

I apposed image. The upper part of such m eye is 

j probably used to perceive variations in the intensity 

i of light from above produced by clouds, moving 

1 ) 11 U enemies, etc , without there being any necessity to 

— V — V — If”" perceive definite form. The lower part of the 

divided eye is clearly adapted for more acute vision, 
*^sFNm.o vimon“ wfui and to receive the more exact inapressions produced 
AN Eye giving a ty the objects over which the insect may be fly- 
Superposition Image jjjg jesting. In some cases possibly the larger 
facets may also function for night vision and the 
\\Z smaU facets for day vision. For a fuUer account 
w^hbouiing facets lettering iuscct visioii reference should be made to the 
** ’ ** recent manual by Eltringham (I933)* 

Recent research on the responses of insects to light tend to the condusum 
that they are able to distinguish between differences of wave-len^ or 
odours. In the honey bee indirect evidence is derived from the experimanta 


penphtpral oblique ia\s fiom 
neiglibouiing facets J ettering 
taL X>jg 88 



THE CHORDOTONAL ORGANS 89 

of von Frisch (1914) who conditioned bees to associate certain colours with 
food. He also found that these insects were unable to distinguish between 
red, black or grey and his main results were confirmed by Kuhn (1927), 
The latter observer concluded that since bees did not respond to rays over 

fisojuju they were red-blind, and ho also showed 
that they responded to ultra-violet rays down 
to at least Bertholf (1931), who took 

means to equalize the intensity of the rays em- 
ployed, added direct evidence to the theory 
that colour vision exists in insects : he also con- 
cluded that the upper limit of spectral responses 
in the bee reaches to at least 677//^ in the red 
region. The lower limit for a number of insects 
is in the ultra-violet region, and Lutz (1924) 
y found that insects, in confinement, will fly to 
’ the apparently opaque ultra-violet screen as 
though it were clear glass and attempt to escape. 
According to Itertholf (igiiA) bees respond to 
the ultra-violet rays down to a wave-length of 
297///< with a maximum response at about 
This experimenter found that the stimulative 
efficiency at the latter wave-length is about 4-5 
times as great as that of the yellow-green 
(553/</<) whuh he found to be the most effec- 
tive region in the .so-called visible spectrum. 

4. The Chordotonal or Auditory 
Organs 

It is well known that many insects are cap- 
able of sound production, and the possession of 
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Fig 91 — Diagpam of the Iwo T\pes or Scoiophores. 

A, integuniontal , B, subintegunicntal c, rutitk , A, hypodermis; ec 
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“**'*"'* organs for this purpose indicates the probability 

that they also possess some mechanism for 
sound perception. Structures that are believed to fulfil the latter function 
exist in a number of insects, even in their larval stages, and are known as 
chordotonal or auditory organs. They consist typically aif spindle-shaped 
bundles of sensillse, or scolophores, whose distal extremities are usually 
attached to the integument : less frequently they are without this attach- 
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ment and end free in the body-cavity. The two t5qpes maybe distinguished 
respectively as the tniegumental scolophores and the svMnt^metUal scolo- 
phores (Fig. 91). 

In the most completely developed chordotonal organs the sensory parts 
are covered over by a special thin area of the integument, which forms an 

external vibratory membrane or tympanum 
and, for this reason, they are often termed 

I fj^ tympanal organs. 

M cc The Structure of an Auditory SensiUa. 

MM cen — auditory or chordotonal sensilla consists 

f/|r ot a nerve end-organ or scohphore, enclosing a 

Ww hollow peg-like structure or scolopale (vide 

^ Schwabe 1906). 

mh _ _s A scolophore 

(Fig. 92) is c^m- 

^ -jA ^ / posed of a broo- 

IllMul nerve end- 

: I j Mm cell, continuous 

F ■■'■"1* f lMir proximally with 

llA ^ 

K-'' ^ chordotonal 

rV M’ I 1 nerve. This 

^ ^ ir ll sensory cell is 

W 14 4 drawn out dis- 

M j I •) tally into a slen- 

f .,--1 — s > dcr prolongation, 

1 f TT I rl is enclosed 

1 IJ. [A -c by an envelope 

1 n I cell and a cap cell. 

/ A W L — !/■ Tlie scolopale is 

\ fjT' formed within 

\ I the envelope cell 

\ and its cavity 

A communicates 

\ basally with a 

1 vacuole filled 

with a watery 

ftfjU sen Fir. 02-1 ascoiophore O^IHI fl Viewedin 

iNlliGrMrNTAI TvPE from a ^*“*''*' V iv.vv^.vii** 

^^ 4 ^/ Longicorn T/arva transverse sec- 

II Apical Portion of a Scolo- tiou the wall of 

/ , PHORE, more highly MAGNIFIED, SCOlopale IS 

/ 1} Sfctions composed of a 

I After Hobs Ann Ent Soe Am 10 number of xibs * 

0 /, axial fibre ; ff, rap cell, rrn, nucleus of cap cell , ec, envelope cell and its nucleus m thC Simple t5^e 
icn ; ek, encl knob , #t, nerve fibre , 5, scolopale , &c, nerve end cell and its nucleus sen , tl, e 
termini ligament ; v, vacuole OI CnoruOtOnoi 

organs studied 

by Hess (1917) there are seven of these ribs at either end of the scolopale, 
each of which is divided in the central portion so that there are fourteen 
ribs in this part. The distal end of the scolopale is almost always thick- 
ened to form the end-knob. The entire scolopale is bathed by a fluid 
medium in which it is free to vibrate. The cap cell appears to be a modi- 
fied hypodermal cell and, in a scolophore of the integumental type, it 
forms a greatly elongated strand which serves to attach the sensilla to the 


— 
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1 sen ^ AScoiophore of thi 
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aft axial fibre ; ec, rap rell , cen, nutleus of cap cell , «c, envelope cell and its nucleus 
icn ; ekt end knob , n, nerve fibre , 5, scolopale , sc, nerve end cell and its nucleus sen , tl, 
teimmal ligament ; v, vacuole 
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body-wa}l. An axial fibre, or a group of neurofibriis, from the ohordotonal 
nerve traverses the whole length of the sensory cell and scolopale to join 
the end-knob of the latter. 

The Simpler Type of Chordotonal Organs.— The scolophores rarely 
exist as single sensillae, usually two or more are disposed closely together 
in a chordotonal organ. Those studied by Hess in Ceram bycid larv* are 
individually composed of four scolophores. Eacli organ is in the form of a 
minute ligament which is attached to the intc'guinenl at one extremity by 
the elongated cap-cells, alluded to previoasly, and at the other extremity 
by a short strand of connective tissue. The lattei lorms the fibrillar binding 
substance of Schwabe, and is prolonged over 
the scolophores so as to ensheath them. 

Graber (1882-83), who laid the founda- 
tion of existing knowledgjh of the chordo- 
tonal organs, found them in all the larger 
orders of insects. They are not always 
located in the same region of the body, 
their positions often varying in dilTeient 
groups. In ants, for example, they aie 
commonly found in the tibia*, but Janet has 
discovered a number of less conspicuous 
organs of a similar nature, in variou.s parts of 
the body, numbering eight pairs in all 
Chordotonal organs also o( cur on the tibiaj 
in certain termites and Perlids, and in the 
tarsi in some ('oleoptera. 

In addition to adult insects chordotonal 
organs have been observed in many larva* 
including those of Dytiscus, Melolontlia, and 
the Cerambycidaj among Coleoptera: Taba- 
nus, Chaoborus, Chirmomus and Syrphu'i 
among Diptera ; in Carpocapsa among Lepi- 
doptcra and Nemaim among llymenop- 
tera. As a rule there is a pair of these organs in most of the abdominal 
segments and they are innervated from the ganglia of the ventral nerve cord 
(Fig. 93) ; in Dytiscus and Melolontlia they are located in the tarsi. 

The Tympanal Organs.- Highly spt>cialized auditory organs are 
found in the Acridiidae on either side of the first abdominal segment (vide 

Schwabe, 1906; 

v> pj 
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Fig. 94.- -Lateral View of a Locust with Wings and Legs 

REMOVED SHOWING TyMPANDM / 

After Carivnter 


Baier, 1930). They 
are easily recog- 
nized by the pre- 
sence of a tense, 
external vibrating 
membrane or tym- 
panum, which is 
surrounded by a 
horny ring (Figs. 
94, 95). A group 
of numerous scolo- 
phores, forming 


a swelling known as Muller’s organ, is applied to the inner surface of each 
tympanum, and forms the termination of the auditory nerve which arises 
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from the metathoracic ganglion. Two homy processes and a .delicate 
pyriform vesicle, which is filled with a dear fluid, are intimately assodated 
with Muller's organ ; they probably serve to transmit the tympanal vibra- 
tions to the sensillae. The first abdominal spirade* is located near the 
anterior margin of the tympanum, and it gives off an air-sac which is applied 

to the under surface of that 
membrane : two other air- 
sacs take their origin in the 
second abdominal segment, 
from the ventral tracheal 
trunk of their side, and lie 
internal to and in dose con- 
tact with the air-sac first 
mentioned. 

In the Tettigoniidaj ajnd 
Gryllidae there is oftenl a 
pair of tympanal organs ntor 
the proximal extremity pf 
the tibia of each fore-1^ 
(Fig gO). In many genera 
those structures are easily 
observable, but, in certain 
others, each orgim is con- 
cealed by an integument al 
fold and comes to lie in a 
cavity: the latter com- 
municates with the exterior 
by means of a slit-like 
opening. 

These organs attain great complexity of structure and most of what is 
known concerning them is due to the rc'searches of Graber (1876), von 
Adelung (1892) and Scliwabe. In Dettcuh verruuvorus the tympanal organs 
are of the concealed type (Figs. 97 and g8). The trachea supplying the leg 
is greatly modified and, on entering the 
tibia, it becomes inflated and divides 
into an anterior and a posterior branch, 
which reunite below the auditory organ. 

Each trachea is clo.sely applied to the 
tympanum of its side, which thus has 
air on both its aspects : the open air on 
the outer surface, and the air of the 
trachea on its inner surface. It is note- 
worthy that these tracheae communicate 
with' the exterior by a special orifice on 
either side, in close proximity to the pro- 
thoracic spiracle, and these orifices are 
only present in species with tympanal 
organs. In a transverse section of the 
tibia (Fig. 98) it will be observed that the two tracheae occupy the area between 
the tympana. There is an extensive outer chamber in the leg (above the 
tracheae as seen ip the figure) and a corresponding inner chamber below. The 
outer chamber contains the supra-tympanal organ together with leucocytes 
and adipose cells. The supra-tympaned organ is placed a short distance ab^ve 




Fig q 6— Lrrr Fore-Tibia of GnnivB 

nOMEHtlCVt^ SEEN FROM IHE OUISIDE 
SHOWING Tympanom ty. 

B Portion of Fore-Tibia of Loovbta 

ViRinisaiMA, lUONTAI VIEW. 

m, mmhtane rovfnng tympanum; ap, aperture 
into t>mpanal chainlnr 



Fig. 95 — lYMPANiJM or a Locust (Caiopisnu^) 

VIEWED I ROM WllHIN 


T, tympanum with it <4 Ixjrdcr 1 R , bi, pvnform vesule , o, u hf>rn 
like processes, ga, Mullci s organ, n, auditory nerve, sf, spitadc, 
Af, tenbor mubck. of tympanum After Giabei 
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Fig 97 — Longitudinal Sfction or tiii Tore Tibia of Dsrioua 

crista acustica v^ith its supporting bands b and hx w int mu dtate or^^an U It outer and inner aspects of tibia , 
% nerve cells ng subgenual branch of crural nirve nt tvinpanal nei\t s scotopaLe it, supra tympanal organ , 
f jaaia trachea , te, h outer and mner tympana Redrawn from Schw ibe Foologica, 2906 


the t3mipaiia, and is composed of a number of scolophores of the integumental 
type, whose cap cells are attached to the mtegument of the leg Immedi> 
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atcly below this organ, on its outer side, there is a smaller soisbiyfistdMitore 
which is termed the itUertnediaU organ ; it is composed, of scolol^br^ of ^ 

the subintegumental type.; ()n 'tfioe 
outer face of the anterior trachea ib 
a third chordotonal organ — ^the crist§ 


sub-integumental type, which gradu’ 
ally decrease in size towartU the 
distal extremity of the tibia. There 
are two principal nerves in the tibia 
— the tibjal nerve and the tympanal 
nerve,— both arising from the pro- 
thoracic ganglion. The supra-tym- 
panal organ is supplied by a branch 


FlO 98 TRANSVI RSE SK llON OF llIF Forf- 

Tibia of Dmiiovb passing through 
THE Crista Acustica (r) 

•, mtnlor Uood spaet , f fat body, «t, musilps » 
tarsal nenf , n', libwl nerve , f, tnuhrac U inmt 
and outer tympanic tavitus , i%, te, inner and outer tyin 
pana Redrawn from Schwabe 

from each of those nerves, while the 
two remaining organs are inner- 
vated by the tympanal nerve 
Tympanal organs also occur in 



acustica {organ of Siebold). It 
elongated ridge or crest composed of 
a large number of scolophores of thcT 





Abrdomen 

B 


individuals of both sex es m Cicadidae. ^ 

In these insects Vogel (iq23) has Thorax 

shown that the cavity of the oper- 

culum of the sound-producing organ 

is bounded posteriorly by a true 

tympanum named the “mirror.” ck ^ 

The percipient part of this organ £ 
consists of a group of about 1,500 
chordotonal sensillae stretching like 

a li^ment across a kind of auditory Abdomen 

cavity. Vogel considers that, owing f jg 
to the much^freater length of these ^ 

sensillae as compared with the ele- ^ —Tympanal Organs of Lepidop- 

ments composmg the organ of Corti Base of abdomen of a Geometrid Moth. 

m than, cicada* are only capable of b a Diagrammatiu Hori7ontal Section 

appreciating a limited range of sound of*'” No^tuid Abdomen 

In many families of Lepi- cuuc«wi«».n..dM.d«^ 

aoptera conspicuous tympanal musclc of tympanum , h, heart . I, hfiament support- 
I A ‘Ai- IDR Chordotonal organ; fin, longitudinal muscles, 

Organs are also present on either mesophragma , n, chordotonal nerve i a, oBSoidiagiis ; 

side of the metathorax or at the base 

of the abdomen. These organs have fa® b«8ws ««i v. 

been chiefly investigated by Eggers 

(19x9) smd by Kennel and Eggers (1933). Each organ consists of an interna] 
Vmde invested by tracheal epithelium and lodged in a cavity formed by an 


Fig 99 — Tympanal Organs of Lepidop- 
lERA A Vertical Section across 
Base of Abdomen of a Geometrid Moth. 
B A Diagrammatic Horizontal Section 
across Base or Ihorax and Abdomen 
of a Noctitid Moih 

at, accessory tympanum , cl, cuticular lamella , dm. dor* 
sal muscle of tympanum . h, heart , I, ligament Buniort* 
mg chordotonal organ ; m, longitudinal must^ , mp, 
mesophragma , n, chordotonal nerve ; a, oesoidiaguB ; se, 
scolopalA, sg, salivary gland, sm, eternal muscles; ^ 
tympanum ; te, tympanic chamber ; to, external opening 
of tympanic diamber. Adapted from Eggers and v. 
Kennel 
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hf its sclent. Tbe cavity communicates with tlie exterior 
of ^’(^pening which is guarded by an integumentary fold. Just within 
^^<ms!njHQ^ is the glistening tym;^ic membrane and, closely associated 
with j is a pair of chordotonal sensillae connected with a special t3nnpanic 
nerve ^rrom the metathoradc ganglion. Whereas in Geometrid moths the 
wmpanal oj^ans are lodged in the abdomen, in Noctuid moths they are 
^uat^ in the thorax and, lying more deeply within the tympanic vesicle, 
is an accessory tjnnpanum which appears to function as a resonator 
(Fig. 99). Experiments by Eggers showed that moths possessing these 
organs respond to sounds by wing movements or by flight. When both 
tympana are destroyed such lesponses ceased. 

Ts^panal orgaip are described by Hagemann (1910) in Corixa and 
its allies on either side of the mesothorax, in close relation with the second 
pair of spiracles. 

Johnston’s Organ. — ^The organ which has received this name was first 
recognized in 1855 by 

has since been observed a ii| « 

in representatives of most 1 1 k 

of the larger orders of in- » /pci 

also Eggers 1928). It is 

located within the second * 

antennal joint, and pre- JM 

variation in form and 

different insects, and in 

same species. The organ iffy ~ 

attains its greatest com- Nv 

plexity among male Culi- „ , r. 

• j ^ j — ^Longitudinal Section of the Base op the 

Ciaas and t/llironomidae : antenna of a male Mosquito (Cbaobosps) showing 

it is also tolerably well Johnston’s Organ. 

developed in such diverse ^ » P> pcdicel , c/>, conjunctival plate and Its process pc ; C, base 

. , * ^ • . 1 ofclavola, iVw, antennary nerve ; n, nerve to clavola ; m, antennal muscles. 

msects as Calltphora, After am, 

Vespa, and Satyrus, 

Viewed in section it is composed of a variable but considerable number 
of sensillae, which usually surround the antennal sensory nerve where it 
passes through the particular joint (Fig. loi). The sensillae only differ 
slightly from those of the chordotonal organs and also contain scolopalae. 
Their distal extremities are attached to a process of the conjunctival 
plate, between the 2nd and 3rd joints of the antenna, and their proximal 
en^ are continuous with fibres of the antennary nerve. It has been shown 
experimentally by Mayer (1874) that the whorls of setae on the 3rd and 
follo wing antennal joints are caused to vibrate by different notes, being 
most affected when at right eingles to the direction from which the sound 
came. It is believed that vibrations of the antennal setae are transmitted 


'mm 
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Fig ioo — ^Longitudinal Section of the Base of the 
Antenna of a Male Mosquito (Chaobobus) showing 
Johnston’s Organ. 

scapd , p, pedicel , cp^ conjunctival plate and Its process pc ; C, base 
of clavola , Nv, antennary nerve ; n, nerve to clavola ; m, antennal muscles. 
After Child, 1894 


to the conjunctival plate, and thence to the sensillae, and that insects possess* 
ing these organs are able to appreciate sounds produced by their own 
species. 

The F^hysiology of the Chordotonal Organs. — In the simpler types 
of choidotonal organs, and in various tympanal organs already desciib^ 
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it is l^evsd that sound waves imiKbige on and 

stinuilns is transmitted to the scoiof^ahe which ree^uoTto n ccvtniMMlid' 
ing degree, since they are free to vibrate in the flnid sofroontjUng 
Probably, by altering the tension of these hgament-hke oigans, cn» 
be " tuned up ” as it were, to appreciate a considerable range of vibraliohs* 
Eggers (1919) claims that the chordotonal organs function in coordinating 
movements of the appendages and wings, also those concerned With respira' 
tion and the heart pulsations Such muscular activities, he states, are 
largely rhythmic and are regulated by means of these sensOlae. In tte 
case of the tympanal organs it will be observed, from the preceding account, 
that the tympanal membrane is maintained in a condition of equilibrium 
by means of air-pressure exerted on both sides of it, the closely connected 
trachea actmg very much like the Eustachian tube in the human ear. 
Sound waves impinging on the tympanum causd the latter to vibrate, and 
these vibrations appear to be transmitted to the nerve concerned by 01m of 
two methods. Since the scolophores in the crista acustica are turned away 
from the tsrmpanum, the vibrations have either to act on the air in\the 
tracheae, or on the fluid in the anterior chamber of the leg, in the first instance, 
and indirectly affect the scolophores : m the Acridiida: the tympanal vibra- 
tions appear to be directly transmitted to the scolophores. \ 

5. Other Sense Organs, Including Those of Unknown 

Function 

In addition to the various kinds of sensillae described in this chapter 
there is a widely distnbuted type variously known as the campanijorm 
sensiUa, sense domes or olfactory pores (Fig. loi) Each consists of a thiq, 

and commonly dome-hke, cuticular struc- 
ture overlying a large pore-canal : it may 
either project from the general surface 
of the mtegument, or be deeply enclosed 
in a cavity of the latter. In sectional 
view it is seen to be traversed by a nerve 
fibre which terminates in a scolopala 
attached to the inner surface of the cuti- 
cular covering. These campamform sen- 
sillae were discovered by Hicks (1857) and 
have been since studied by Vogel (1911), 
Meindoo (1914), Sihler (1924) and others. 
They occur distributed over many parts 
of the body, wings, halteres, antennae, 
sting and other organs in insects of vari- 
ous orders. Many h}qx)theses have been 
advanced as to their function. MeIndoo 
claims that the covering membrane is 
perforated by a minute pore which aUovnt 
of the nerve ending to come in dfrect 
contact with vapours. Both from thisir 
Structure and the results of experiments he concludes that they are dlap* 
toty in function and terms them olfactory pores. Meindoo's intei}WS^ 
tion of their structure is not supported by the results of other investigafrijn 
fvfde Newton, Quart Joum. Mic. Set. 1931) and their true sensoiry fu 99 ; 
IkMUi remains problematical. 
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Ft6. 10 X. — Campaniporm Sensiila 

FROM THE CeRCUS OF BlaITA 
OMtaHTALia 

Ct Trirhogenous cell d dome like covering 
kppodermts , n neuiUeinina, nv, nerve fib^e 
f, eeidSopala sr sense cell i, vacuole, (integu 
jgeat dkp hlatk) From bihlcr 
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TIm of ture lic^y ea^knwed with (frcmiffi of WisOIie and 

are re^^azded 1:^ aomie invdvtigators as static oi|^s which mahle those 
insects to CKHordinate their movements during flight. Much difference of 
i^flnksS exists, howevhr, and other obsovers ascribe to them a chordotonal 
function. 

The elaborate structure known as Graber’s organ, foimd in Tabanid 
larvae, is evidently adapted to receive sensory impressions of some kind, 
but its function is wholly problematical. 

In the winged forms of Phylloxera Stauffacher (1903) has described 
what appears to be a true static organ, which is located at the base of 
each fore-wing, between the pro- and meso-thorax. It consists of a small 
vesicle, enclosing a central body or statolith, together with nervous 
connections. 

Among other sense organs are the postantennal organs of Collembola, 
and the pseudoceUi distributed over various parts of the body in certain 
of the latter insects and in the Protura. Nothing definite is known con- 
cerning their functions. 
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THE SOUND- AND LIGHT-PRODUCING ORGANS 

I N addition to the organs of special sense there are certain other organs 
of relation that are very different in character since they are adapted 
for the production and not for the reception of stimuli. These are the 
$6und- and light-producing organs. 

The Sound -Producing Organs 

No insect possesses a tnie voice but sounds of different kinds and inten- 
sity are produced by* a number of species scattered through all the great 
groups. In many cases the property of sound-production is confined to 
the males : the females, however, are not invariably dumb and some possess 
the same faculty but in a lesser degree. On the other hand, sexual differ- 
ences of this kind are frequently wanting and the sound-producing organs 
exhibit no appreciable differences in the two sexes. The significance of 
the sounds that are produced is not always easy to infer and, in some cases, 
it does not appear to be subject to any teleological explanation. In many 
insects they are undoubtedly concerned with the attraction of the sexes 
for mating, and in others they serve to communicate some kind of intelligence 
such as recognition, danger, etc., to other members of a species. 

The methods by which sounds are produced may be classified under 
the following headings. 

(a) By the tapping of some part of the body against an external object. 
{b) By the friction of one part of the body against another part. 

(c) By the vibration of the wings. 

(d) By the vibration of a .special membrane exerted by muscular action. 

(e) By vibrations of uncertain origin. 

A. SOUNDS PRODUCED BY THE TAPPING OF SOME PART OF THE 
BODY AGAINST AN EXTERNAL OBJECT 

The best known example of sounds produced by this method is afforded 
by beetles of the family Ptinidae, more particularly tho.se of the genus 
Anobium. The latter insects burrow into old furniture and woodwork 
where they make ticking or tapping sounds that are believed to be oi the 
nature of a sex call. The sound is produced by an insect striking the lower 
part of the front of the head against the surface upon which it is resting. 

The soldiers of some termites {Terms spp.) similarly exhibit the habit 
of striking the floor of their habitation by means of the head, thereby pro- 
dticing a clearly audible sound. In the highest stage of its development 
a large number of the soldiers may hammer in rhythmic unison. There 
appears every reason to believe that this practice is a warning signal serv- 
ing to communicate the existence of danger to other members of the 
community. 
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too THE SOUNDS AKD LIGKT^mO&UCmO OEOAKS 


SOUNDS PRODUCED BY THE FRICTION OF ONE feART OF THE 
BODY AGAINST ANOTHER PART 

By far the greater number and variety of the sounds emitted by insects 
are produced by this method, the actuaJ parts concerned with the sound 
pECoduction being known as stridulating organs. Practically every external 
part of the body which is subjected to friction on an adjoining part has 
given rise to a stridulating organ in one or other insect. 

Stridulating organs are possessed by representatives of several orders 
of insects, particularly the Orthoptera, Coleoptera, and Hemiptera, but it 
is in the first mentioned order that they are best known. In many spedes 
of the families Acridiidse, Tettigoniidae, and Gryllidae the males are capaUe 
of vigorous stridulation : outside these three families very few other Orth<q>- 
tera stridulate and the faculty is rarely present in the females. Among the 
Acridiidae (vide p. 246) the sounds are produced by one of two methods. 
Either the upper surface of the costal margin of the hind-wing works against 
the lower surface of the fore-wing or, more usually, the inner aspect of mch 
femur bears a series of pegs which are worked against the outer surface of 
the corresponding fore-wing (Fig 102). In the TettigoniidaB and Gryllwae 
(vide pp. 248 and 249) the sound is produced by fnrtion between two 

modified areas of tne 
fore-wings. 

Among Coleoptera 
there is a great variety 
of stridulating organs 
which, so far as they 
were known at the 
time, were very fully 
Fio 102 - Hind Iifmur or an Acridiid discussed by Darwin 

a, tow of pegs thiee of which ate shown greatly enlarged in the " DeSCent Of 

Man ” ; more recently 

they have been investigated by Gahan (1900). As a general rule one part 
of each stridulating organ is developed as a file-like area and the other as a 
scraper consisting of a point or a series of points which is rasped across it. 
These organs are generally present in both sexes and equally developed in 
each, probably serving for mutual sexual calling. The Bostrichid genus 
Phmopate is exceptional among insects in that the stridulating apparatus is 
confined to the female. In Hdtopathes on the other hand the female is devoid 
of stridulating organs, and in species of Oryctes the striae are coarser and more 
regular in the male than in the female. The remarks of Darwin on stridula' 
tion in Coleoptera may be quoted verbatim. " In the case of the Helio* 
pathes and Oryctes there can hardly be a doubt that the males stridulate 
in order to call or to excite the females , but with most beetles the stridula?* 
tioii apparently serves both sexes as a mutual call. Beetles stridulate 
under various emotions, in the same manner as birds use their voices for 
many purposes besides singing to their mates. The great Chiasognathus 
atridulates in anger or defiance , many species do the same from distress 
or fear, if held so that they cannot escape ; by striking the hollow stems 
of trees in the Canary Islands, Messrs. Woolaston and Crotdi were able 
to ^Uscover the presence of beetles belonging to the genus Acalles by their 
Stridulation. Lastly, the male Ateuchus stridulates to encourage the 
female in her work and from distress when she is removed." 

, < The larvae of certain of the Lamellicomia (vide Sdiifidte 186x^82) am 




rm OKOAiis tot 

eii^hiwadt wjltibt stridi^ting oiisaat oo the or chb t)i6 moutljojpartt : they 
live in cothJeeled sitviiii.iioiMi aod the sigtuficaoce d their sound -producing 
apparatus has nevo: been adequately explained. 

Anioitg Hemiptera there is similarly a great diversity of stridulating 
organs, more particularly in the Heteroptera. Both sexes frequently 
possess the power of soimd production, but in Corixa the mechanism is 
less perfectly developed in the female. With the exception of certain 
leaf-hoppers organs of this kind are generally wanting among Homoptera, 

Several Lepidoptera are known to be capable of stridulation. Accord- 
ing to Hampson (1892) in certain Agaristidse the male has a corrugated 
area beneath the costa of the fore-wing, and the wing-membrane is dilated 
in that region apparently to act as a resonator. It is suggested that the 
dickii^ soimd which is emitted is produced by the ridged areas on the 
fore-wings passing over spines on the tarsi during flight. Certain species 
of Angeronia (both sexes) have long been known to make a similar clicking 
sound, and Hampson has described a stridulating apparatus at the base 
of the fore-wing. The same author (Proc. Ent. Soc, 1894, p. xiii) mentions 
that the males of Ci^aria dotata and other species possess a row of spines 
on a specialized area of the fore-wing which would presumably work against 
the costa of the hind-wing. A slight rustling, or hissing noise is produced 
by several of the common 
European species of Vanessa 
(Swinton, Ent. Month. Mag. 

1877 : Ins. Life 1) and a 
more audible "squeaking” 
sound by Halias prastnana 
(Swinton, 1877). For sound 
production in Acherontia 
vide Lepidoptera. 

In the H5mienoptera 
stridulating organs are com- 
mon among certain ants and 
vary in structure in different 
species, and in the castes of the same species (Fig. 103). The organ consists 
of a file and scraper on the mid-dorsal region of the integument, at the 
base of the first gastric segment where the preceding segment overlaps. In 
MntiUa europaa both sexes have the power of stridulation, and the organ 
is very similar in its position and structure to that found in ants. 



Fig 103 —Stridulating Organ of Myrmica imyjxqm 
IN Median Section 

edge of post petiole forming a “ scraper ” , s stridul$lory aurfaoa 
on j^st gastiic segment , t, inteisegmentai mtmbratie After Janet. 


C. SOUNDS PRODUCED BY THE VIBRATION OF THE WINGS 

Certain insects make a humming or buzzing sound when flying which 
is brought about by the vibration of the wings. Sounds of this description 
are particularly audible in such large insects as MelolotUha, Geotrupes and 
Botnhtts. They are not, however, to be confused with other and higher 
pitched sounds, which may be made at the same time by a different method. 
Lubbock mentions that from the note produced the rapidity of the vibration 
can ht calculated. Thus, the house-fly, which produces the sound of F, 
vibrates its wings 335 times a second ; and in the bee, which makes a sound 
<rf A, the vibrations are at the rate of 440 in a second. Marey has succeeded 
in confirming these numbers graphically by fixing an insect so that the 
ejrtrenrity of the wing just touched a revolving cylinder. Each stroke of 
the w^ caused a perceptible mark and he thus showed that a housen^^ 
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for example, made 330 strokes in a second which agrees very closely with* 
the number inferred from the note produced. Bellesme, however, con- 
cludes that sounds corresponding to vibrations of this frequency are pro- 
duced by extremely rapid changes in the contoiur of the thorax and are 
maintained after removal of the wings (vide also p. 103). By attaching 
a style to the tergal part of the thorax he obtained a record of these vibra- 
tions which corresponded in frequency to those required to produce the 
sound that was experienced. 


D. SOUNDS PRODUCED BY THE VIBRATION OF A SPECIAL 
MEMBRANE EXERIED BY MUSCULAR ACTION 


Among the Cicadidic there is found one of the most complex kinds of 
sound-producing organs known Those structures are met with in the 
males, the females bemg either silent or only possessing rudiments ofj the 
apparatus. The great volume of sound emitted by the cicadas marks tnem 


out as being the noisiest representatives of the Insecta \ 

^The apparatus, and 
P f'’? the sounds produced 



by it, have been studied 
by many observers, but 
the basis of our know- 
ledge of the structure 
and mode of working 
of the mechanism will 
be found in the very 
full and accurate de- 
scription of Reaumur 
(Hist des Ins V 1740). 
His observations were 
confirmed and extended 
by Sober and later by 
Carlet (1887) 


ventral cavity, /in, folded xuembrane,lr lateral cavity m tyiupaiuloigui 
0, (H>eiTulum, that of the other side n moved , p, base of leg , %, spiracle , /, 
tiinbal Afttr Carlet, Ann 6ct Nat 1887 


The organs in ques- 
tion comprise a pair of 


shell-like drums or tim- 


bals situated at the base of the abdomen. These drums vibrate by the 
action of powerful muscles, and the sound can be variously modified by 
the so-called mirrors or soundmg boards. In C tcada septendectm the true 
soimd organs are freely exposed, but in many other cicadas the drums are 
covered by overlapping plates or opercula 

In the more perfect form of the apparatus, which is exhibited for example 
in Cicada plebeia, the account given by Carlet may be followed (Fig. 104). 
In this species the operevda arc a pair of large plates which are backward 
extensions of the metastemellum, and situated on the ventral side of the 


body, where they overlap the base of the abdomen On removing an 
operculum a pair of cavities containing the external parts of the sound- 
producing apparatus is disclosed. The larger of these cavities is ventral, 
and the smaller is lateral in position. Their walls contain three specialized 
areas of membrane which are known respectively as the timbal, the folded 
membrane and the mirror. The timbal is a crisp, plaited membrane sur- 
rounded by a chitinous ring , it forms part of the inner wall of the lateral 
Cavity, apd is somewhat s^ell-hke in appearance with its convex surfikoe 
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l>a]||iiig outwards. The fulded membrane k in the anterion wall of the 
ventral cavity, while the mirror is a tetise, mica-like membrane in the 
posterior wall of that cavity. In close association with the whole apparatus 
there is an extensive air-chamber which opens to the exterior by means of 
the third pair of spiracles. The sound is produced by the rapid in and 
out movement of the timbal, which is brought about by a powerful muscle. 

The latter arises from the mesofurca and is attached to the inner face 
of the timbal. When the muscle contracts the timbal is pulled inwards : 
on the relaxation of the muscle the timbal regains its former position in 
virtue of the elasticity of its chitinous ring. This method of sound produc- 
tion has been compared to the pushing in and out of the bottom of a tin 
vessel, which makes a cracking sound. The destruction of the timbal of 
both sides of the body renders the insect silent. Tlie sound can also be 
modified by the operculurn which is capable of being slightly elevated, but 
its main function is protective. The so-called mirror is a true tympanal 
organ which appears to be capable of perceiving sotmd vibrations (vide 
p. 94) and plays no part in sound production. 

E. SOUNDS PRODUCED BY VIBRATIONS OF UNCERTAIN ORIGIN 

In certain insects, particularly Diptera, sounds are produced in a manner 
different from those already referred to. The actual method of sound 
production in these cases has given rise to much discassion, and the evidence 
that is available is of a conflicting nature. Many entomologists are familiar 
with the highly pitched singing note that is emitted by various flies, par- 
ticularly in some species of Syrphidae, both when hovering and when at 
rest. Somewhat similar notes are produced by several Coleoptera and 
by Hymenoptera. According to Landois (1867) the sound is caused by 
the vibration either of a series of lamcll®, or a tongue-like fold, projecting 
into the lumen of the trachea close to certain of the spiracles. These 
structures arc membranous infoldings of the tracheal intima which are 
believed to be set in vibration by the forcible passage of air through the 
spiracles, thus producing a highly pitched note. Landois states that if 
the head, wings, legs and abdomen of a Calliphora be removed, so that the 
thorax is left with no vibratory parts other than the halteres, the highly 
pitched note is maintained. If the thoracic spiracles be closed with gum 
or wax the sound ceases. Lowne has described peculiar tympanic chambers 
immediately behind the insertions of the wings in CaUiphora and in close 
association with the corresponding spiracles. He concludes that the 
emission of sounds in this insect is due to the expulsion of air through the 
thoracic spiracles, and the vibration of a membrane in the tympanic organ. 
He also mentions that the whole thorax vibrates distinctly when the insect 
is held between the finger and thumb. Bellesme {Comp. Rend. 87, 1878) 
notes that in Diptera and Hymenoptera the highly pitched sounds continue 
after removal of the wings and the stoppage of the spiracles. He considers 
that they are due to very rapid changes in the form of the thorax— in 
fact a kind of thoracic vibration — due to contractions of the wing muscles. 
J. Perez {Comp. Rend. 87, 1878) from a study of certain Diptera also finds 
that the sounds continue when the spiracles are artificially closed, and 
attributes them to vibrations of the wing bases against certain closely 
associated sderites. The fact that different observers have not always 
used the same species of insect in their experiments may .explain some of 
the discrepancies in the results obtained, but the subject is clearly one 
in need of renewed investigation. 
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The Light-Produdiig or IPhotogeiilc Otftehs- 

Certain insects are self-luminous owing to the possession ei i^pc^ial 
photogenic organs : some other insects owe their luminous properties to 
the presence of light-producing bacteria, or on account of having ingesteA 
luminous food. 

True luminous insects are almost confined to the order Cdeoptera and 
more particularly to various genera of Cantharidae (Lampyrinae), notably 
Lampyris, Luctola, Pho^phcenus, Photurus, Photinus, Phengodes and others. 
The Elaterid genera Pyrophorus (the “ cucujos ”) and Photophorus are 
also luminous, and the same remark applies to several species of the 
Carabid Physodera and to Buprestts ocMata. Outside the Coleoptera, 
the larva of the Mycetophihd Bohtophila luminosa has photogenic 
powers. A small number of other insects are hlso luminous but are not 
known to possess special organs for the purpose, and in many ^ses 
the light is probably associated with the presence of bacteria. Examples 
of this kind include Ltpura nocHlttca, a few Ephemeroptera, together with 
certain larval Diptera and Lepidoptera. 

In the Cantharidas, previously mentioned, the liMiinosity is known m 
some species to extend to all the developmental stages, and is a characW 
of their plasma. In the egg the luminous substance is diftused, but m 
the post-embryonic phases it is localized in the photogenic organs. The 
latter are usually situated on the ventral aspect near the apex of the 
abdomen, except in Phetigodes where they are distnbuted along the sides 

of the body. In Lampyrts 
nocttluca the female is 
apterous and larvifonp 
(and also in Phengodes) 
yieldmg a bright light, 
while the male is wmged 
and has a feebler photo- 
genic capacity. In Lv/cwli 
ttaltca both sexes are 
wmged and luminous and 
the same condition is 
found in the Elateridae. 
In the latter the chief 
photogenic organs are situ- 
ated on the dorsal aspect 
of the thorax. It is gener- 
ally believed that the light 
in tlie above instances 
serves to ensure the meet* 
ing of the sexes, but its 
significance in the earlier 
stages is not understoodL 
The luminous organs, 

in all stages of the species concerned, exhibit the same essential stnn^ure. 
They consist of an outer or photogen layer and an inner or reflector layer 
ffig. 105). Tracheae and nerves penetrate both layers but are mcae h^^bdy 
developed in the outer stratum. Each organ is covered by the gener^ 
||lii,tide of the boiy which is more translucent than elsewhere. The 
is transparent and its cells are grouped into lobules which ate < 



Fio 105 — Luminous Organ of Photinus 

C, euticte , cpt tracheal capillanes , H, hypodermis . AT, nerve , P, photo* 
m teyer , /*, trachea , tf, reflector layer After Williams, 19x6 
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termiiuiite in end-cms -with trai£he<^. the exhct distribution of the 
teuiteie varies in (Metent species, hut in all cases the arrangement » 
such ns to provide a very abmdant oxygen supply. The fefie<^ laytr is 
composed of cells containing numerous urate crystals ; they have a milky 
appearance and act as a background scattering the incident light and pre* 
venting its dispersal internally. 

Much discussion has taken place with regard to the morphological 
origin of the photogenic organs. Dubois and others maintain that they 
are derived from the h3^podermis, but Vogel and Williams, who have both 
studied the development of these organs, state that they are derived from 
the fat-body. In the larva of BoUtophila they are exceptional in being 
formed from modified portions of the Malpighian tubes. 

The phenomenon of light-production in the animal and vegetable kingdoms is 
one of luminescence, the light emission being stimulated by some means other than 
heat. The term phosphorescent organs has often been applied to the luminous organs 
of insects and other animals, but the light produced is in no sense a phosphorescence 
since it is independent of the previous illumination of the organism. The light is 
emitted as the result of the oxidation of a compound luciferin in the presence of an 
enzyme-like substance iUctf erase. This reaction takes place within the cells of the 
luminous organ and is dependent upon oxygen and water for its consummation. The 
amount of heat generated during the reaction has been studied by Harvey who 
prepared luciferin and luciferase extracts from the Ostracod Cypridina. As the result 
of his experiments he found that if any rise of temperature occurs during the 
luminescence, which results from the mixing of these two substances, it is certainly less 
ihan *ooi^ C. ; or, i gram luciferin liberates less than lo calories during the luminescence 
accompanying oxidation. The physical nature of animal light is not in any way 
different from light of ordinary sources except in intensity and spectral effect. It 
is visible light containing no infra-red or ultra-violet radiation, or rays which axe 
capable of penetrating opaque objects. It is not polarized as produced but is 
polarizable by a Nichol prism : it will cause fluorescence and phosphorescence of 
substances and affect a photographic plate (vide Harvey, 1920). 
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THE DIGESTIVE SYSTEM AND ITS APPENDAGES 


T he alimentary canal is a tube of very variable length ; in some 
cases it is about equal to that of the body, while in otWs its length 
is greatly increased and il assumes a convoluted course. The 
shortest and simplest type is found in many larv£e, notably those of the 
Lepidoptera, H3mienoptera, and Diptera-Nematocera ; in the Apterygota, 
Dermaptera, certain Orthoptera, etc , this condition is maintained thremgh- 
out life. In nymphal and adult Homoptera, and in the larval Diptera 
Cyclorrhapha, it attains its greatest length and number of convolutijpns 
and is often several times longer than the whole inscfft. As a general rule, 
it may be said that the greatest length of digestive canal is to be found 
in those insects which feed upon juices, rather than upon the more sofid 
tissues of animals and plants. Exceptions, however, are found in the larval 
Hymenoptera, whose aliment is entirely of a fluid nature, and whose diges- 
tive canal is a straight, simple tube. Morphologically the alimentary 

canal is divisible 
into three primary 
regions according 
to their method 
of embryonic 
origin (Fig. io6). 
The fore-intestine 
arises as an an- 
terior ectodermal 
invagination 
(stomodaeum) : the 
hind-iniestine as a 

similar posterior invagination (proctodaeum) ; and the mid-intestine, which 
ultimately connects the two, develops as an endodermal sac (mesenteron). 
These differences in embryonic origin result in marked histological differ- 
ences in the structure of the mid-intestine, as compared with either of 
the other regions. Both the fore- and hind-intestine, being invaginations 
of the body-tvall, resemble the latter in their essential histology, and are 
lined with chitin. 

[a] The Fore -Intestine 

The following layers, passing from within outwards, are generally 
recognizable in the walls of the fore-intestine (Fig. 107 A), i. The intim 
or innermost lining, which takes the form of a chitinous layer directly 
continuous with the cuticle of the body-wall. 2. The epithelial layer 
continuous with the hypodermis and, like the latter, chitogenous in func- 
tion : it is often extremely thin and may take the form of a syncytium. 
3. The basement’membrane bounding the outer surface of the epithelium. 
4 . the longitudinal muscles. 5. The circular muscles. 6. The pertioned 

106 



Fig. 106— Diagram or rar Digestivi. System oI' an Insect, 

Ihc rctodennal parts are represented by hcivy lines and the endodermal paits by broken 

hiKS 

in, mouth , oe, oesophagus , c, crop , g, girrard «i, entenc cceca , mg, mid uitestuie , 
mt, Malpighian tubes , Ai, hind intestine , f, rectum , a, anus 
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membrane which consists of apparently structureless connective tissue and 
is often difficult to detect. The fore-intestine is divisible into the following 
regions : — 

The pharynx. The term phar3mx is given to the region immediately 
behind the mouth, between the latter opening and the oesophagus. In 
biting insects the mouth is bounded by the labrum above, the labium 
below and by the mandibles and maxilla; on eithei side In sucking insects 
a true mouth is absent, the actual 


entrance into the digestive system 
being situated at the ajiex ot the 
organ of suction. The pharynx is 
best developed in the latter type of 
insects, and is provided, with an 
elaborate musculature, many of 
whose fibres pass outwards to be 
attached to the wall of the head. 
By means of these muscles it func- 
tions as a pumping organ, which 
serves to imbibe tlie liquid food 
through the proboscis and convey 
it backward into the oesophagus 
The cesophagus is a simple, 
straight tube passing from the hin- 
der region of the head into the fore 
part of the thorax. It is very vari- 
able in length and the inner walls 
are longitudinally folded 

The crop is present m many in- 
sects and is a dilatation of the 
hinder portion of the oesophagus 
It is extremely vaiiable in form, and 
functions as a food reservoir , its 
walls are thin and the muscular coat 
weakly developed. In Penplaneta, 
and most Orthoptera (Fig. 109), it is 
very capacious and constitutes the 
major portion of the fore-intestine 
In a few insects it is developed as 
a lateral dilatation of one side of 
the oesophagus as in GryUotalpa, 
certain of Isoptera and the larvae 
of Myrmehon and the Curculionidae 
Among various sucking insects this 
dilatation becomes greatly pro- 
noimced and connected with the 
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oesophagus by means of a slender tube. The organ is then known as the 
food-reservoir or " sucking stomach,” but the latter expression is mis- 
leading and incorrect. A food-re.servoir is present in most Diptera (Fig. 
109) and also in the larvae of some of the Cyclorrhapha and in the higher 
Lepidoptera (Fig. no). 

The provenirtculus or gizzard (Fig. in) is situated behind the crop and 
is principally developed in mandibulate insects which feed upon hard 
substances ; among the Orthoptera it is a very highly specially oigan 




io8 THE DIGESTIVE SYSTEM AIID ITS APPEm>AGES 

()F%. 'Ko^. It is also found in many camivorcHis and iinxtdktxnfang: 
tera, the Mecoptera, Odonata, Isoptera and various H5rinen(^pteiia ; it & 
reduced to the condition of a valve in the honey bee and most of the I>iptera. 
The dominant feature in its structure is the great development of the 
chitinous lining into prominent denticles, and the increased thickness of 
its muscles. At the point of junction of the fore- and mid-intestine, there 

is present in many insects 
a cardiac or oesophageal 
valve. This structure is 
formed by the wall of the 
fore-intestine being pro- 
longed into the cavity of 
,the stomach as an inner 
tube, which then becomes 
reflected upon itself / and 
passes forwards to unite 
with the stomach .. . 
(Figj^ 112). It exhibits 
var5ang degrees of com- 
plexity among differi^nt 
msccts and, m certain 
Dipterous larvae, a blood 
sinus is present between 
its outer and inner walls 
(Imms, Journ. Hyg. 1907, 

P 301)- 

(&) The Mid-Intes- 
tine 

This region is termed 
the stomach or mid-gut 
and its shape and capa- 
city vary exceedingly. In 
some cases it is sac-like, 
in others it is coiled and 
tubular like an intestine, 
or it may be divided into 
two weU-defined regions 
as in many Cydorrhapha 
(Fig. 109). Histologically 
the wall of the stomach ex- 
hibits the following struc- 
ture (Fig. 107) . Internally 
it is lined by a stratum 
uf enteric epithelium the outer ends of whose cells rest upon a basement 
membrtme : the latter is followed by an inner layer of circular musdes 
and an outer layer of longitudiiuil muscles. The outermost coat of die 
stomach is thin peritoneal membrane. Both musde layers are composed 
striated fi.bres and their positions are the reverse to what obtains m the 
fore-intestine. The structure of the enteric epithelium requires more 
detaflied mention. Its cells are usually dearly demarcated and dmikig 
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. . r Inner at free matgiii is bptoidnl by the ao- 

caUed striated hm. The epfieanum of the ktt^, in xnan^ cases, appears 
to be doe to minote pore canals while in others closely set cina-like processes 
are di^ciibed (vide Vignon, igoi). In the active or secretory phase the 
cells ^ve ofi granular protrusions, which extend into the lumen of the 
stono^, where they either become disconnected or rupture, thereby dis- 



Fio 109 — Alimentary Canai ot a Muscid 
Fly (Caliiphora) 
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Fig 1 10 — Digestive System 
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charging their secretory contents The epithelial layer is generally folded 
to a greater or lesser degree, and beneath the crypts of the folds, or between 
the epithelial cells, are islands of small cells which are centres of regeneration 
replacing those which are no longer functional As a general rule the 
enteric epithelium exhibits no speaal differentiation of its cells in cojs- 
formity.with the dual function of secretion and absorption, each cell beh^ 
capabk of performing both acts during its physiological phases (Steuddi, 
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xgx3). In a few insects, however, ijiQtably in 
Ptychoptera, van Gehuchten {1890) states that 
the absorptive cells are very large and loOated 
in a definite region between two areas occupied 
by secretory cells. It is frequently found that 
the stomach is lined by a membranous tube 
which, for the most part, is not in contact with 
its epithelium (Fig. 1x2). This tube is the 
pentrophic membrane of Balbiani ; it is quite 
colourless and, on account of its resistance to 
the action of alkalies, it is inferred to be of 
a chitinous nature. The seat of its origin is 
a band of deeply staining gland cells situated 
at the junction of *the fore- and mid-intestine 
(vide Gehuchten 1890, Vignon 1901, Wjggles- 
worlh 1930 and others). Its first appearance 
is as a fluid in the space between the glandular 
zone and the reflected wall of the fore-mtes- 
tine. According to Wlgglesworth, compres- 
sion of the cardia results in the secretion l^ng 
drawn through a kind of annular press so as 
to become moulded into a membranous tube 
which gradually passes backwards during its 
formation. Functionally, the peritrophic mem 



Fig iit — TRA^svERSF Sfc 
TION OF Tiir Wait of the 
Gizzard or locusiin (Dmu 

CUB ALKIBROAS 

c, <hitmo«*ihninR rf, teeth, e cpithel 
lum, cm, ciruiUr musdes, Im loiigi- 
tiidin^ rnusrlos , p, petitoncal tu^mbrane 
After Burdas 


brane seems to protect the mid 
gut epithelium from abrasion and 
it is generally absent in insects 
which feed upon fluid diet. The 
apparent absence of mucous cells 
from the epithelial layer is pos- 
sibly correlated with the develop- 
ment of the peritrophic membrane. 

A membranous tube surrounding 
the ingested food is present in the 
Thysanura, Orthoptera, many Ncurop- 
teraand Coleoptera, certain Hynienop- 
tera, in larval Lepidoptera and many 
larval Diptera. On the other hand, 
Schneider states that it is wanting in 
the Hemiptera, adult Lepidopteia, 
many carnivorous Coleoptera and m 
many Hymenpptera. 

In the hive-bee (Snodgrass), the 
larva of Mschna (Voinov) and ceitain 
oth^r insects a peritrophic membrane 
is described as being formed by the 
delamination of the inner or free mar- 
gin of the cells lining the mid-intestme 
It is evident that m these instances 
it is a non-chitinized structure quite 
different fiom the usual type of pen- 
trophic membrane descril^d above. 



Fig T12 --Cardia of a Dipterous Larva 
(Nematocera) with the Adjacent Kegxont 
OF IHE Mid-INTESXINB, SEEN IN LONGI- 
TUDINAL Section 

eet opsophagus , c, chitinous intima , m, muscles ; pdint 
of muon of fore intestine with mid-mtestine , iflf, cone nC 
coluniuar gland cells which secrete the peritrophic membem 
pm, ec, entonc ccBCum 


In many insect$ the surface area 
of the stomach & increased by the 
development of sac-like diverticula. — ^the etUeric or gastric cceca (Fig. xo8). 


PHYSIOLOGY OF DIGESTION iii 

These otnanfi are usoally dtuated at the oesophageal end of ithe stomadi 
and are very variable in number. In certain dipterous larvae and in the 
GiylUdae and Locustidae two large coeca are present ; in Penf^neta and 
larval Ctdicidae there are eight, while in the larva of Orycies nasicomis they 
are more numerous and are disposed in an anterior, a median, and a posterior 
annular series. Among various predaceous Coleoptera they are repre- 
sented by numerous villiform processes, and in some orders (e.g. CoUembola, 
Lepidoptera) coeca are generally wanting. 

In the larvae of certain groups of insects the stomach is a closed sac, 
the passage being closed between the mid- and hind-intestine. In these 
instances the food is always of a fluid nature and there is but little solid 
residuum. This condition is prevalent in the majority of the larvae of the 
Hjinenoptera Apocrita, atjd in those of the Neuroptera Plannipennia, of 
Ghssina, and other viviparous Diptera. 


(c) The Hind-Intestine 

This region consists of the same layers as the fore-intestine except 
that its circular muscles are developed to a varying degree both inside 
and outside the layer of longitudinal muscles. The commencement of 
the hind-intestine is marked by the insertion of the Malpighian tubes (vide 
p. 140) which are likewise of ectodermal origin. In most insects three 
well marked regions are recognizable. These are ; — ^the small intestine or 
ileum, the large intestine or colon and the rectum. The chitinous lining 
of the ileum and colon is often thrown into folds and provided with hair- 
like or spinous projections : among certain Lamellicorn larva the latter 
are highly developed and assume an arborescent form. The ileum may 
be very long as in Dytiscus and Necrophorus, short as in many other insects, 
or it may be undifferentiated from the colon, as in many Orthoptera and 
Hemiptera. Among Lepidoptera, certain Coleoptera, etc., a hollow out- 
growth or coecum arises from the colon : it is sac-like in Sphinx ligustri 
^ig. no) and many other Lepidoptera, while in Dytiscus it takes the form 
of a tube nearly equal to the abdomen in length. The rectum is a more 
or less globidar or pyriform chamber, generally provided with a variable 
number of inwardly projecting papillae or “rectal glands.” The latter 
are six in number in Orthoptera and Neuroptera, very numerous in Lepidop- 
tera but are absent in many insects, particularly in their larvae. They are 
composed of specially large cells, well supplied with tracheae, and bounded 
by cuticle. The functions of the rectal papillae have been much discussed, 
many authorities regarding them to be glandular or^ns. Recent obse^a- 
tions by Wigglesworth (1932) lend support to the view that these papillae, 
or the general rectal epithelium in their absence, are concerned with the 
reabsorption of water from the excrement before the latter is voided and, 
in this way, it is claimed, the water content of the insect is conserve, 

ifl) Physiology of the Digestive System 

The chemistry of digestion in insects has an extensive literature (Uvarov, 
1929), but detailed studies of the processes involved are few. The subject 
has been most fuUy investigated in cockroaches whose digestive processes 
are but little specialized and a full complement of enzymes are present (vide 
Swingle 1925, Wigglesworth 1927-28 and others). The food, upon entering 
the buccal cavity, is subjected to the action of amylase produced by the 
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Mklivi^ which oonvcirt siuxh hiio inaltohe. iietiittlsii «f ^ 
a^^tttestiae and the enteric cceca resemblee that of sum meot^ {Mr ^ 
aheence of pepsin and hydroddoric add. Insolhrascarh^ydratedigSSi^ 
is concerned, maltase, invertase and lactase are involved, white a tryi^ 
and an erepsin are concerned \rith the digestion of proteins, and fate aMi 
dealt with by a lipase. The solid food is held back by the gizzard iriridi 
acts as a strainer, only admitting fluid matter into the mid-intestine. '1^ 
secretion of the latter region passes forwards mto the crop where the major 
part of the digestion probably occurs The contents of the mid-intestine 
have a pK of 6-2 but m the crop an acid reaction is evident with an avenge 
pH of 5*2, varying according to the nature of the food The aadity results, 
according to Wigglesworth, from the action of microorganisms upon the 
carbohydrates present Among blood-sucking msects an anti-coagui^ is 
commonly produced by the salivary glands and in Glosstm, which is adapted 
to a diet of blood, the mid-intestme contams abimdant trypsin and empsin 
but, apart from a weak amylase, carbohydrate-splitting enzymes are ^^t- 
ing, Wigglesworth (1929) has contrasted this condition with that obtamine 
in CaUtphora whose sahvary glands produce an active amylase Imtne 
mid-gut amylase, mvertase and maltase are abundaiit, whereas proteowtic 
enzymes are weak \ 

Among Lepidoptera the digestive enz3mies of the onental peach moth 
(Laspeyresta molesta) have been mvestigated by Swingle (1928) In the 
larva invertase, hpase, trypsm and erepsin are present m the mid-intestine, 
digestion takmg place under slightly alkalme conditions In the adult the 
oiUy enz3nne that could be detected is mvertase, a fact which suggests that 
cane sugar is the prmapal food and is denved from nectar 

Speaaltted types of digestion — Many insects feed on woody tissues and even on 
dead wood, but very little is known as to whether they are able to digest cellulose. 
It 18 generally considered that where such digestion occurs it is by the intervention 
of symlnotic microorganisms The problem has been most fully studied m wood- 
feeing termites which harbour immense numbers of symbiotic Protozoa in the mtes- 
tmal tract Wood consumed by the termites is ingested by the Protozoa which 
utilize the cellulose constituent Cleveland (1924- 28) has shown that by subjecting 
the termites to a temperature of 36° C the Protozoa are killed and a similar result 
was obtamed by mcreasing the oxygen tension of the air by 3 to 4 atmospheres 
Tenmtes thus defaunated ie, and if given a diet of wood are unable to digest it m 
the absence of Protozoa On the other hand, they were able to hve for a long period, 
and perhaps mdefimtely, upon humus or fungus digested cellulose If the Protozoa 
be re-mtroduced the termites regam their abihty to live on a diet of wood Cleve- 
land has also shown that termites are able to live and reproduce on mtrogen-free 
oeUnlose so long as Protozoa are present Since the latter orgamsms multiply and 
die m thousands withm their hosts their remains would seem to provide the niteogen 
required Other types of wood-feeding insects have been studied by Buchner 
(1928; 1930) from tee anatomical standpoint, and most of them were found to har- 
bour various nucroorganisms m speaal chambers or diverticula of the gut These 
lelatioos suggest that such orgamsms are symbionts concerned with cellulose digestion, 
but there is at present very httle proof of the contention Werner (Zeiis Mor^ OM 
Ture, 1926, 6) has shown that m larvae of the beetle Potosia cuprea, which feed on 
dead ^e needles, cellulose-digesting bacteria are present m special chambers of the 
ttttestme On the other hand, biochemical studies by Ripper (1930) indicate the 
presence of a cellulase m the digestive juices of some insects devoid of symbionts, 
wtele no such enzyme was found m other forms which harbour these microorgamsws. 
Rteteer research is greatly needed to solve this com^dex problem. 

External digestion has been observed m diverse orders of insects ; m some «a«M 
It is of a prehminary nature only, while m others, the essential processes of difestiog 
Mpsar to taifw pl^ outside the body. In the Hemiptera the saliva Is injected 
m ttesues of the plant and the enzymes which it contains act upon starch 

larva.of Cossta discharges a secretion of the mandibular gtimda uddth «cdhNte1|ii| 
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(So^i Tmt, Ser^ mt 13m» Uxy^ of Luaha tmm diicharges its digestive 
sedTewjSo^ dsr^n whidi), serves aS il3 food. Bjr mesms of a ieirmeiit aoalogoas 
to ^psgNdO iSi» pvOtsHi matter is liqimfied and subsequently imbibed* This explanatioii^ 
howmm» li disputed by Guyenot (X907) who states that the digestive secretion exhibits 
no that the functions ascribed to it by Fabre are in reality performed 

by a symbiotic Micrococcus, which is abundant in the food reservoir. Neither Fatsre's 
nor Gfuyenot'a conclusions are supported by those of Hobson (Joum, Exp. Biol.^ 
on the nutrition of Blow-fly larvae {Luciha). Hobson finds that the larvas 
imbibe the liquid constituents of their food and that there is no evidence of pire* 
digestion by means of bacteria. On the other hand, they fail to grow at the usual 
rate on aterdized meat and it appears that the chief part bacteria play in nutrition 
is in supplying a growth-promoting substance. In the larvae of the Dytiscidas Fortier 
(ign) observes that their jaws pierce the tissues of the prey ; the latter is paraljrsed 
by the secretion of the glands of the oesophagus which enters through the perforate 
mandibles. The insect then vi}ccts the secretion of the stomach which is ricfli in 
zymases, and digestion of the tissues of the prey takes place %n sUu. The Dyitscus 
proceeds to imbibe its pre]>ared meal, afterwards making further injections, the process 
being repeated until the tissues are consumed. The method of feeding in the larvas 
of the Planipennia is very similar, and probably external digestion takes place in 
these cases also. 
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THE RESPIRATORY SYSTEM 


I N the vast majority of insects respiration takes place by means of inter- 
nal air-tubes known as trachea. The latter ramify through the organs 
of the body and the appendages, the finest branches being termed 
tracheoles. The air enters the tracheae through“paired and usually lateral 
openings termed spiracles (or stigmata), which are segmentally arranged 
along the thorax and abdomen. More rarely the spiracles are cldjsed or 
wanting, respiration in such cases being cutaneous. In the immature 
stages of most aquatic insects special respiratory organs known as giUs 
(or branchia) are present, and these may or may liot co-exist with'open 
spiracles. The respiratory organs of insects are always derived froiA the 
ectoderm : the tracheae are developed as tubular invaginations of that 
layer and the gills arise as hollow outgrowths. Histologically, both types 
of organ are composed of a layer of cuticle, the hypodermis and usually 
a basement membrane, all of which are directly continuous with similar 
layers forming the general body-wall. 

The Spiracles 

Number and Position of the Spiracles.— The spiracles are, morpho- 
logically, the mouths of the ectodermal invaginations which give rise to 
the tracheal system. They are normally placed on the pleura of the thoracic 
and abdominal segments, but their exact position is very variable. In 
the abdomen of most insects they are seen to lie in the soft membrane 
betweai the terga and sterna. From this position the spiracles may come 
to be situated either forward or backward in relation to their segments. 
In many insects, particularly on the thorax, the spiracles assume an inter- 
segmental position, being situated just in front of each of the segments 
to which they properly belong : or, they may be no longer situated on the 
pleura but come to lie on the terga, near the side margins of the latter, as 
is seen in the abdominal spiracles of Apis and Musca. The whole question 
of the primitive situation of the spiracles, and the secondary positions 
assumed by these organs, is one needing investigation. 

,In the developing embryo the spiracles appear as a series of invapna- 
dons lying to the outer side of the rudiments of the appendages. Twelve 
evident pairs of spiracles are present in the embryo of Leptinotarsa, being 
ntuated on each of the thoracic and the first nine abdominal segments. 
In the embryos of most insects, however, the prothoracic pair is wanting 
and frequently the pair on the 9th abdominal segment is likewise absent 
It is noteworthy that although 12 pairs of spiracles are not presait in the 
post-embryonic stages of any one insect, nevertheless, if the spirade-beaff- 
ing segments in.di£ferent orders be taken collectively, they are X2 in number, 
The maximum number of spiracles recorded in any adtdt insect is iz pairs 
afe present in Jafyx solifugus : in this ^>^es they are locateo on 
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the first xo postcc^haUc segments and there is a sapemummary pair on 
the metcithorax (Fig. 1x3). According to SUvestri xx pairs of spiracles 
are present in EvaUjapyx. No other insects, whether they be larvae 
or imagines, retain more than 10 pairs of spiracles (a thoracic amd 8 abdom- 
inal) which is the prevalent number in the adults of most orders. Among 

the principal exceptions are the Anoplura which 
have 1 thoracic and 6 abdominal pairs : the Thy- 
sanoptera usually have x or 2 pairs of thoracic and 

2 pairs of abdominal spiracles ; in the Hemiptera 
Stemorhyncha their number is very variable and is 
reduced to 2 pairs in many Coccidae. Among Cole- 
optera, the Lamellicomia and Rhynchophora have 
from I to 3 of the hindmost abdominal spiracles 
waiting or non-functional. The Diptera usually 
exhibit a reduction in the number of abdominal 
spiracles and, among the Athericera, a sexual differ- 
ence is evident in this respect, the females often 
having 5 pairs and the males 6 or 7 pairs. The 
Lepidoptera usually have 9 pairs of spiracles and 
many of the Hymenoptera 10 pairs : this number 
is exhibited, for example, in ants. Among the para- 
sitic Hymenoptera reduction is frequently evident 
and in the Chalcidoidea, there are commonly only 

3 pairs which are situated on the thorax, propo- 
deum and 8th abdominal segment, respectively. 

Among adult winged insects there is no in- 
dubitable instance of pro-thoracic spiracles being 
present. Those often regarded as belonging to this 
Fio. 113. — TRACHEAt segment pertain in all probability to the meso- 
System of Japtx thorax, having undergone a secondary forward 



^11 Uf thoiaac segments , i 4, 
tboraao spiradcs, 5, ix, ab 
dotninal spiracles. Afttr Grassi, 
1687. 


migration. 

Although functional spiracles are present on the head 
in the Symphyla, they are not found in that position in 


any insect. According to Nelson a pair of evanescent spiracles is present on the 
second maxillary segment in the embryo of the honey bee. Several observers have 
claimed that from 2 to 5 pairs of cephalic spiracles are represented by the invagina- 
tions which give rise to the apoderaes forming the tentorium. The balance of evi- 
dence, however, is against this homology, since a pair of tentorial invaginations 
coexist with the spiracles on the second maxillary segment in the embryo bee, and 
apodemes are present along with spiracles in the thorax of most insects. 


Structure of the Spiracles. — ^The term spiracle is held to include not 
only the external opening, and the annular sclerite or peritreme which 
surroimds it, but also the atrium or vestibule into which the opening leads, 
together with the closing apparatus. The latter consists of one or naore 
muscles with associated cuticular parts. The atrium is a specialist 
region of the trachea leading from the spiracular opening : it lacks taenidia 
and its walls are variously sculptured or are provided with hairs, trabecula 
and chitinous outgrowths. Closely connected with the spiracles 

are frequently peristigmatic glands which secrete an oily or other material 
preventing the wetting of those organs. The structure of the spiracles 

S resents an enormous range of variety among different groups of insects : 

: is also usually different in the thoradc and abdominal spiracles of the 
same insect and may be greatly modified in different instars. It wiU, 
tberdoie, be readily appreciated that their dassificatioa is a matter of 
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jat^ diffioalty. ■ Kraiiu^ (1884 

vis., those without lips and those piWided with Hpsv thydur; jw' 
v^ti^iy are included a number of subdivisions basM upon vado|^ 

;|ar^ points, Mammen (1912) classified spirades into four groups 
t^n the number and relations of the musdes connected with the doung 
apparatus : his work, however, deals almost entirely with HemipteriL 
The most generalized type of spirade is devoid of lips and dosing appara- 



Fig. 1 14. — Spiracle and Occluding Apparatus of Tsicbodbctss, Semidiagrammatic. 
A, open ; D, closed. Aft^ Harrison, Parasitdogy, 1910. 


tus and is little more than a simple crypt as in Sminthurus. No sjiecial 
chamber or atrium is developed and the spiracle opens directly into the 
trachea. 

In most Hemiptera, more especially in the abdomen, the spirades 
are simple apertures surrounded by a peritreme. A well developed atriupi 
is present and between the latter and the trachea is the dosing apparatus. 
This t}^ of spirade is also found in the Anoplura, Aphaniptera and in 
other insects (Fig. 114). I 



Fig. 115. — Metathoracic Spiracle of a Grasshopper ( Vjsaoj ^ rgijtA ), 

'.-.Ai ontqr view. B, inner view. mi«, mesepimeron ; metepistemum ; g, intersegmental fold; m, maxfbritoiti 
^ t, trachea. Further explanation in the text. Adapted from Snodgrass, 1929. - * . ' 


' In grasshoppers the thoradc spiracles each have a slit-like openii^ 
guarded by two external valves or lips (Figs. 115 and 116, a). Theapelis: 

. ' ihoradc spiracles have movable lips (a, p) united by a ventral lobe («)-; 

: they open by their own elastidty but are dosed by an ocdusor musde 
from a process (0) on the margin of the mesocoxal cavity. 
^I^iibdmnmal spirades (Fig. 116, b, c, d) have no projecting lips, the int^jiunsni 
inflected to form two hardened walls of the atrium — one wa&i.M- 
movable and the other (d) is fixed, '^e moi^ihie wall is .sndc^Mn'i 
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to idiich the ocdt^Mt {m opemisi 

musotei (m a) oto 4tta4:ihed. 

Xn tlM(S]^niaes of lepidopterous lame the Ups are fringed with repeated!) 
bran^ted processes, whose finest divisions often require a high magnificatior 
for their detection, thus forming a most efficient guarding mechanism tc 
the traeheal system. At the inner end of the atrium is the closing apparatus 
The latter consists of a chitinous bow, which partly encircles the trachea, 
while oil the opposite side of the latter is a chitinous band ; a closing level 
or rod is closely connected with the band. The occlusor muscle is attachec 
at one end to the bow and at the other to the lever : when the musdf 
contracts the lever presses the 
band against the bow, thus closing 
the entrance into the trachea. 

The latter is opened partly by 
means of the elasticity of the 
chitinous parts which regain their 
former position, and partly by the 
aid of an antagonist ^uscle or an 
elastic fibre (Fig. 117). 

In the larvae of Melolontlia 
and other of the Lamellicornia 
(Boas, Zool. Anz 1893 : Memert 
1895) the spiracles are circular • 
each consists of a crescentic sieve- 
plate and a projecting tegument- 
ary fold or bulla which is almost 
completely surrounded by it (Fig. 

1 18). The true opening is a 
curved slit situated near the 
margin of the bulla and tunning 
concentrically with it. The sieve 
plate consists of an outer pore 
membrane supported beneath by 
a layer of trabeculie (Fig. 119). 

In larvae of the Elateridae, 

Qeridae, Nitidulidae and other 
Coleoptera are biforous spiracles. 

Each has two contiguous openings 
which are more or less slit-like 
and separated by a partition 
tvaU. Each opening communicates 
either by means of a tubular 
passage with a common atrium, 
or opens directly into the trachea (Fig. m 8). Other types of spirades 
in larval Coleoptera are described by Steinke (1919). 

In Dipterous larvae the spiracles are without closing apparatus (vide 
de Meijere 1895, 1902). In the third-stage larvae of the higher Cydorrhaphft 
the posterior spirades consist of a pair of chitinous plates. Each platd 
b surrounded by a peritreme and bears as a rule three openings whidh 
may he pyriform (Muscina) or in the form of straight slits {CaUi^mll 
o^i* sinuous slits (Musca). Each opening is traversed by a number of fine 
emtinous rods presenting the appearance of a grating, and all three openings 
UiiRnnUmicate with a common atrium. Just internal to the openings th«e 



Fig 1 16- -Spiracles of a Grasshoppbk 

(Dl8aOSTEi»A), 

A, D, sectionb through metathoracic and xat alkdokoinfil 
spiror h s n spt r lively B, inner view, and C, outer view of Xfit 
atxlnminal npiraUt at atnura , %, integument ; <fff» tympaiiw 
muscles huither explanation in the text. AdaptM ttaUk 
Snodgrass, 1929 




Fig. 117. — Spiracle of a LEPinopxERoiis Larva {SpsufarDjg). 

A, seen from the outside showing fringed processes of the lips ; fi, seen from the inside. Ups omitted • C sectional 
fl/, atrium; 6, bow; W, band ; e, cuticle; c/, elastic hbre which op^nsSirSe ;^iwitranJ 
into trachea ; A. hypodermis ; I, lever ; p, peritreme ; pr, fringed processes of lips ; ip, wall of aWum ; rSicheL 


is a system of branched chitinous trabeculae which form, along with j the 
grating previously alluded to, an efficient barrier to the entrance of foreign 
particles. The walls of the atrium are also lined with a fibrous reticulum. 

The anterior spiracles each consists of a vari- 
able number of digitate processes whose apices 
are perforated by openings. Each opening 
communicates with a small atrium and the 
atria of each spiracle all join with the main 
tracheal trunk 
of their side. 

Since both an- 
terior and pos- 
terior spiracles 
change in form 
at each instar 
the spiracles of 
the previous 
instar atrophy. 

The new larval 
or pupal spir- 
acle arises as an outgrowth of the atrium which 
eventually meets the skin. The old atrium 
shrivels, only persisting as a stigmatic cord, 
and all that remains of the original spiracle ^ 
seen in the st^^matic scar or cicatrix (F%s. I2f 
found in close connection with the functional spiracle. 


B' of CEsfrus, Hypodenna and other of the (Estridse instead of 
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Fig. 118. — I. Biforous Spir- 
A^CLit OF a Clerid Larva. 
After Boving and Champlain. 
/ n. Abdominal Spiracle of 
' THE Larva of Mmloiostba 


Fig. 1 19. — Longitudinal Section 
OF a Spiracle of the Larva 
OF Mmlolontba. 

at, atrium : other lettering as in Fig. 118. 


nevi r- 
'senony. 


^ ^ ^ b, bulla ; 

arrow is <iirected ] 


THE TRACHEA 


«9 




Pig 120 — Longitudinu Sfctions 

OF THE I AST AhDOMTNAL SpIRACLE 
OF AN Ant 


A, open t B, dosed , o, spiracular opening 
anterior chamlier, b occluding ch<imbci 
ff dosing muscle and p mobile mscition of same 
ht thickened portion of trai hca , « fixed insertion 
of closmg muscle, m flexible mcmbrtne o 
spiracular opemng , ow, opening muscle ow', fixed 
insertion of same , it, trachea After Janet, zgoj 


openings to each spiracle there ate 
multiple pores. In Glossim there are 
about 500 of these pores to a side which 
form the sculpturing on a pair of poly- 
pneusfic lobes (Newstead, 19x8) Each 
pore is connected by means of a tubular 



Tig 12 1 — Spiracies or I.arvai Diptera 

I anterioi spiritle of Mu^ca domeshca a, posterior spirade 
of ( alliphota er\thnnephala 3, postcrioi spiracle of Mu^ea domes 
Uca 4 vertu il section through spiiade of Calltphora diitinoilf 
p>arts only shoMii , a, atnum , c, cicatnx , ^ peritreme , t, 
spiraciilir slit 


continuation with large tracheal trunks 
within the lobes A similar arrangement 
obtams in the larva of Htppobosca except 
that the pores are much less numerous, 
while in Melophagus there are only four 
to each lobe. 


The Tracheae and Tracheoles 

The trochees are elastic tubes and when filled with air present a silvery 
appearance The iimermost lining of a trachea 
is a layer of chitin known as the intima (endo- 
trachea) which is directly continuous with the 
cuticle of the body-wall and is cast off at each 
cedysis. When examined microscopically a trachea 
presents a very characteristic striated appear- 
ance wliich is due to the fact that the intima is 
specially thickened at regular intervals to form 
dosely arranged thread-like ridges which project 
into the lumen (Fig. 122). These bands or 
thickenings are known as Usntdta and, as a general 
rule, they pass round the trachea in a spiral 
maimer although their continuity is frequently 
intfirrupted : in other cases they form independent 
rings. The function of the taenidia is to keep the 
tracheae distended and thereby allow of the free 
paAfage of air. If a trachea be teased out the 
intiina will tear between the taenidia and the latter will uncoil after the 



122 — Portion of a 
Trachea stained with 
Iron-alum HA:MATOxy* 
LIN (Highly magnified) 

epithelial layer (ectotrachea): 
I, chitinous intima (endotrachea) imk 
tnmdium U 
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THE immRAioiET SirStEII 

UiSQUMa 4n tumoqittd wi*«. hn some &a»dts fcw 

^ aaa jn tea8e4 ^?(^mtions a ribtxMi^ btod uncoils «iiii(& 1> 
of several parallel thickenings. Taanidia are absent, as a lule, from tike 

la^ ttacheas dose to die 
spiracles, the inthna in 
such positions presenting 
a tesselated or othiur t^rpe 
of thickening. In some 
insects (Zai^, Lam^yris, 
Litciola, etc.) cuticular 
piliform processes arise 
from the taenidia and pro* 
, ject into the cavity of the 
trachea (vide Stokes, 

1893). I 

An epithelial! layer 
(ectotrachea) lies outside 
the iptima and is\ com- 
poseti of pavcmenu cells 
with relatively uarge 
nuclei. The larger tradiese 
of some msects are faintly 
coloured with reddish- 
brown or violet pigment 
which is lodged in tte 
cells of the epithelial 
layer A delicate base- 
ment membrane forms the outermost coat of the tracheae. 

The ultimate branches of the tracheal system are termed tracheoles. 
These are extremely delicate intracellular canaliculi less than i in diameter 
and are always devoid of taenidia. As a rule they unite with their fellows 
to form a capillary reticulum whose minute structure has received diverse 
interpretations. It has been shown by Holmgren (1895) and others that 
the finer tracheal branches terminate in end ceUi o 
transition ceUs of a more or less stellate form (Fig. 123) 

Each tracheal branch is connected within a cell of thi 
type with several tracheoles whidh pass to the cells 0 
tne particular tissue with which they are associated 
The tracheoles penetrate within the cells of th 
salivary glands of Lepidoptera and Trichoptera : the; 
also pass deeply into the ganglia of the nervous system 
they enter between the fibres of the muscles and ar ; 
found over the digestive system, Malpighian tubes an< i 
repi^octive organs. In the fat-body of the larva 0 1 
Gaatrophilus equi the tracheoles lie whoUy within the 
i^opiasm of exceptionally large tracheal cells of a special type (Prenant, 
X900) containing haemoglobin (Fig. 124). 

The general arrangement and distribution of the tracheae in tho bodjjl^ 
kA an insect presents important differences among various groups tnSt, 
ISO far, no systematic study of the subject has been made. The reseaidhes 
of Ftdler (19x9). show that among the Isoptera the respiratory system of 
H newly-hatched termite consists of a framework of comparativdy Itetf 
tracheae from which a multitnde of dichotomizing, aiboresiBent, 



Pig 124.— TRACSB 4 
Cells from tb 
Fat-body of a Gaj 
tttopsnvB Larva. 



Flo. 123 — Tracheal End-cfii and Iracit^'otfs frou 
THE SlIK GIAND of THE LaRVA 01 pBALfBA BVCX 

PMAiA (Lepidoptera) 


#, Md cell 1 1,, tracheoles » t, trachea. Afttr Holmgren, Pestsihr Ltljebor^ 



’ T£DBS ‘tst 

otibfir ttaMdieiB 4iev^ap and thk atnument hoidti good jtor ^ 

mnMity oi pu> Ipecuaicatioa of the respiratory sskem, Fuller 

ad4e« ^ one of reduction, the nascent system of the more specialized ter* 
miti^ being less extensive than that of the more generalized membm. 




Fw. 1*5 — Tracheal Fig 126 —Diagrammatic Representation op s tvs 

System op Cjjtpo- Tracheal Sysibm of a Newly Hatched Nykpb of 

JMU Tmbum utatalesbib and other species 

t, 8 and % Spiraclbs. On Iha left as seen from above, on the right with the dorsal longitUdltMlil 

4 /wGraaii, liSy trunk pushed aside After Fuller, Am Natal Mus , 19x9. 


The work of Fuller will serve as a basis for similar ontogenetic and com- 
parative studies in the absence of which no general conclusions are poaaNe. 

Each spiracle communicates with a short inwardly directed spiraculur 
trachea which divides within its segment into branches passing to the 
varbns organs, in MachtHs and Campodea Grass! (1887) has shown diet 
the tcachete associated with each spiracle form, in themselves, an^indepm'* 



m THE RESPIRATORY SYSTEM 

dent system which has no anastomoses with the tracheae from ndg^boniing 
spiracles (Fig. 125). In Japy% soUfitgm eadi spiractdar trachea <frvides 
into an anterior and a posterior branch : since the anterior branch from 
one spiradc unites with the posterior branch from the spiracle in front 
a lateral spiracular trunk is formed on each side of the body. In NtcoteHa 
and Lefnstmna these longitudinal trunks are also evident, but in addition 
there is a senes of ventrad, metameric, transverse commissures which unite 
the former trunks, thus combining the tracheae of the two sides of the 
body into a smgle S3^tem. This condition is the normail one in many 



Fig 127 — Tracheai System of PtniPLANEiA 

A, with the ventral integument and viscera removed showmg dor^ tracheae , % ^th dorsal mtegument and visoera 
lemoved ahowmg ventral tracheae After Miall and Denny 

• 

laurvae but in the imagines of the more generalized orders secondary longi- 
tudinal trunks aure usually developed Of these the most constant are 
the dorsal longitudinal trunks which are connected with the corresponding 
spiracular trunks by means of segmentally arranged palisade tracheae 
(Fig. 126). In Penplaneta, certain of the Isoptera and other insects, a 
pair of ventral longitudinal trunks connect the segmental transverse 
commissures (Fig. 127). 

The dorsal longitudinal trunks give of! segmental branches which pa$s 
the heart and dorsal musculature. Visceral branches, which supj^y 
digestive canal and reproductive organs, take their origin from tlm 





THE AIR-SACS 1S3 

pafisa^.ttadheae w directly from the spiracular tracheae. The nerve cord 
and ventral moscnlature are supplied by branches derived from the ventral 
transverse commissures. The tracheae suppl3dng the legs arise from the 
spiracular (or» in Odonata, the dorsal) lon^tudinal trunks in the thoracic 
region, and the basal tracheae of the developing wings usually take their 
origin in close association with those of the leg tracheae of the meso> and 
meta-thorax (vide Comstock, 1918). The head and mouth-parts are prin- 
cipally supplied by branches derived from the main longitudinal trunks. 


The Air-Sacs 


In many winged insects the tracheae are dilated in various parts of 
the body to form thin-walled vesicles or air-sacs. For the most part they 
are extremely delicate in structure and 


usually lack tasnidia which ordinarily 
keep a tracheal tube open. The air- 
sacs are consequently distensible and, 
when inflated, are e^Uy seen as glisten- 
ing white vesicles. When collapsed and 
empty they are generally exceedingly 
difficult to detect. In Melolontha, for 
example, the air-sacs are dilatations of 
the secondary tracheae and are 1 da- 
tively small in size but exceedingly 
numerous. In Mdanoplus there are a 
pair of large thoracic air-sacs and five 
pairs in the abdomen which are 
likewise dilatations of the secondary 
tracheae : there are also many smaller 
vcsides among the musdes. The air- 
sacs attain their greatest development 
in Volucella, Musca and other of the 
Cyclorrhapha and in Apis and Bombus 
among Hymenoptera (Fig. 128). In 
these instances the abdominal air-sacs 
attain very large dimensions and are 
dilatations of the main longitudinal 
tracheal trunks. Air-sacs are also 
met with among Lepidoptera and 
Odonata. 

It has been maintained by the 
earlier writers that the air-sacs lessen 



Fig. 12R - Iracheal S\sTr.M oh Worker 
Bee seen from above. 

(One pair of Abdominal air sacs removed and 
transverse ventral commissures of abdomen not 
shown ) The air sais (/ra Si ) are indicated in arable 
numerals \p spiracles After bnodgrass, U S Buy 
hntom lech Ser No 18 


the specific gravity of the body during flight since when distended they 
slightly increase the volume of the body. The temperature of the air 
within the sacs is very little above that of the atmosphere outside and 
consequently the loss of weight due to inflation is negligible. It is, furth«> 
more, counteracted by the slightly increased volume of the insect occasion- 
ing a proportionally greater resistance to the atmosphere during flight. 
The presence of air-sacs, on the other hand, allows of an increased supjifly 
of oxygen in the respiratory system and thus affords a greater breathing 
capacity. Insects with well-developed air-sacs are commonly swift of flight 
nmi their great muscular activity when on the wing denmds an abundant 
air-supply in relation to the increased rapidity of re.spiration. A system 



z«4 tHS SESHRATOKir SITSI^ 

cif raj^dllywfilQed Btofige reservoirs in d<»e Aissoe|&tlola wiUi tbos jdipdtifis 
and other organs of the body wotdd appear to meet this phj^oidg^ 
dtanand. 

In the marine Coleopteron JEfius a single pair of abddminal air^sacs is {xtesent 
These vesicles function as storage reservoirs wtuch retain a supply of air during the 
time the insect is submerged (Miall). 

In the aquatic larva of Chaoborus the mam longitudinal tracheal trunks are 5trcm|^y 
dilated into two pairs of sacs, one pair being located m the thorax and the other m 
the 7th abdominal segment According to Frantkenberg (1915) these vesicles are 
filled with oxygen {>) and function as %drostatic organs. The insect adapts itself 
very rapidly to changes of pressure, requiring only a few mmutes to adjust tp aa 
increase of two or three atmospheres. 


The Gills or Branchiae 

Gills are special respiratory organs situated at localized positions on 
the body and are present in the immature stages of many aquatic msects. 

They are outgrowths of 
the jntegument m, in 
some cases, of the Walls 
of the rectum and betpg in 
free communication with 
the general body-cavity 
they contain blood. The 
cuticle investing these 
organs is extremely thin 
and allows of the inward 
passage of oxygen by 
means of diffusion. Two 
types of gills are recog- 
nizable, VIZ , tracheal gills 
and blood-giUs (Fig. 129). 

Tracheal Gills are 
filiform or more or less 
lamellate organs which 
are well supplied with 
tracheae and tracheoles. 
They are present in the 
majority of aquatic larva 
and in some aquatic pupse. 
In many cases they an 
the only organs of respi- 
ration W in others (lar- 
val Culicidae for exampfe) 
they are accessory i 
function and co-exist with open spiracles. Tracheal gills are usual 
borne on the abdomen : they are less frequently present on the thoraa, 
and are only very rarely found on the head (Jolia and Oligmmty^ 
Ephemeroptera), In a few instances the gills of the larvae pecsiat 
throughout life in the imago : they are best exhibited in Pteronamjit 
idiose imagines possess thirteen pairs of gill-tufts on the ventral nxrfiM 
ik the thoracic and first two abdominal s^[ments. Tracheal gills similady 
tpacsist in other Plecoptera and in Hydr^syche among Trichopteru btttj) 
Si a rule, thev are retained in a more or less shrivelled condition. 



Fig. 129. — Gills of Aquatic In'ssct-, 

of CMaon showing tracheal gills of left side , a, 7th brachi i 


more hlghlv magnified , 3, tracheal gill of a PArygae 
Ib^: 4. tracheal ^ of a larva of TVyrnehMltf sfrefiolete , % hind extremi ' 
' ol Uatononm showing anal blood j^ills (a) and ventral bio i 
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m 


tUy Wbeii Iwidtetd 

eaSh |W Mqr of a tipple ldof4ike expansion (CA/sm) or tiste lamella may form 
a y^6h protects a tuft of filamentous gills beneath (HepUtgenta). In 
the nppor Imellss of the and pair of gills form opercula which conceal and protect 
the giUs behind. In Prosoptstoma the gills are entirely hidden within a special branchial 
ctiamber. 


In the Hecoptera primitive abdommal gills occur m the Eusthenudse, but in the 
nymphs of other forms they are replaced by secondary tufts of filaments which are 
variable m position 

Tracheal gills are umversally present m the nymphs of Odonata In the Amsoptera 
they axe m the form of an elaborate system of folds of the wall of the rectum, the 
lat^ chamber being modified to form what is termed the branchial basket In most 
of the Zygoptera there are three external caudal gills and no rectal gills , in a few rare 
cases lateral filamentous abdominal gills are also present 

Among Neuroptera gills are present in the larvdB of the Sialoidea and m St<iyra 
among the Plannipenma They consist of seven or eight pairs of filaments, usually 
jointed, borne segmentally on the abdomen 

Filamentous abdominal gills arc present m the majority of larval Tnehoptera and 
frequently persist in the pupce of those inseets In some genera although the larvae 
are gill less the pupaj are provided with well developed branchial organs 

Among Lepidoptcra tracheal gills have long been known in the larva of Nyntphula 
(Paraponyx) straholatay, they consist of a senes of delicate filaments arising from the 
sides of the trunk segments 

Among coleopterous larvae tracheal gills are filamentous in character and are only 
present in a few of the families In Pelolnm they are ventral and are located near the 
bases of each of the pairs of legs and on the first three abdommal segments In the 
Gynmdae there are lo pairs of hair fnngcd lateral abdominal gills , somewhat similar 
organs are also found in Hydrochans and Biroi^us among the Hydrophilidae In 
Cnemtdotus they take the form of numerous elongate jointed filaments which anse 
from the dorsal surface of the thorax and abdomen In Pf^ephinus there are five 
pairs of tufted ventral abdommal gills and m P$(phenoid(& there is a single retractile 
tuft of anal gills 

Among dipterous larvae there are four lamellate anal gills m the Cuhcidae ; In 
Pkalacrocera the tracheal gills are m the form of numerous elongate filamentous 
processes which arise from almost all parts of the body segments , in Stmuhum and 
Enstahs rectal gills are present 


Blood-gills are commonly tubular or digitiform and are sometimes 
eversible They denve their name from the fact that they contain blood 
but not as a rule tracheae, although occasional tracheoles may be present. 
In some mstances there is little real distinction between these organs and 
tracheal gills Blood-gills are of mfrequent occurrence and are not ex- 
clusively confaned to aquatic insects They are found among many larval 
Tnehoptera which have 4 to 6 hnger-like tubes at the anal extremity. 
Among Diptera they are well developed m the larvae of Chtronotnus, some 
species of which bear two pairs of ventral blood-gills on the penultimate 
segment, and a group of four shorter anal gills Small anal blood-giUs 
are also met with among aquatic Tipulid larvae and, according to Pantd, 
in larvae of several genera of Tachmidae The ventral eversible sacs o< 
the Thysanura are probably also of the nature of blood-gills. 


Types of Respiratory System 

Three morphological types of respiratory system are recognized among 
insects (vide Palmen, 1877 . Gryse, 1926) 

(1) The Holopneustic Respiratory System,— In this type, which 
is the primitive one, all the spiracles are open . they are borne on thn 
Stnd meta-thorax and on the first eight abdommal segments. The 
condition is the prevalent one m the imagines of mapy otdm 
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of insects, also in the greater number of the nymphs and ip farvaii of.maiQ^ 
Hymenoptera and of Bibio among Diptera. 

(a) The Hemipneustic Respiratory System.— This type is den^ 
from the holopneustic condition by the closure of one or more pairs' of 
spiracles and is the prevalent one among larvae. The following terms |ae 
in use which indicate the distribution of the spiracles. 

Peripneusttc — Spiracles in a row along each side of the body. In typical exaonples 
the prothoracic and abdominal spiracles are open, those of the wing-bearing segments 
being closed . This condition is found in the larvse of the orders Neuroptera, Mecopteta, 
I^epidoptera, of many Hymenoptera Symphyta, and of many Coleoptera ; among 
Diptera it is prevalent in larvae of the Bibiomd®, Mycetophilidae and Ceddomyidas. 

Amphipneustic — Only the prothoracic and the postenor abdominal spiracles are 
open. This t3^e is the usual one among larval Diptera 

Propneustic — Only the prothoracic spiracles are open. A comparatively rare 
condition exhibited for example in the pupae of the Culicidae. j 

MetapneusUc -—Only the last pair of abdominal spiracles are open. The piievalent 
t3rpe m larval Culicid<£ and Tipulidae and in Hypoderma among the CEstrida ; also 
found in the first larval instar of most Cyclorrhapha and in the aquatic larvae of Vertain 
Coleoptera (Dytiscidae, Hydrophihdae, etc.). 

In addition to the foregoing there are certain anomalous types \Jhich 
do not obviously fall under any of the above categories. In Campmea, 
for example, there are only three pairs of spiracles which are located on 
the thorax, while in certain of the Prolura and many Coccidae the number 
is reduced to two pairs which are similarly thoracic in position. Among 
the Thysanoptcra there are one or two pairs of thoracic spiracles and a pair 
on the first and eighth abdominal segments. In Smtnthurus there is only 
a single pair of spiracles which is located on the cervical region. It is 
convenient to group these specialized examples under a separate category 
which may be termed the oligopneusHc type. 

(3) The Apneustic Respiratory System. — In this type of respiratory 
system oxygenation of the tissues is effected by osmosis either through 
tite general integument, which in such cases is thin and membranous, or 
by means of giUs. The spiracles are either closed or totally wanting. 
Respiration through the general surface of the integument takes place 
throughout life in almost all Collembola and among certain of the 
Protura. It also occurs in the larva of the Dipteron Chaoborus and in 
the early instars of endoparasitic h3unenopterous larvae. Respiration by 
means of gills prevails among the immature stages of many aquatic 
insects. 

Although the tracheal system is well developed in most apneustic insects, 
it is greatly reduced in larval Chironomidae and totally absent in almost 
adl Collembola and in the family Accrentomidae among Protura. 

The Stigmatic Cords 

In many hemipneustic and apneustic insect larvae the spiraculax branches 
are in the condition of delicate strands or stigmatic cords. They pass from 
the lateral longitudinal trunks to points on the cuticle where spiracles if 
present would be located or where their scar-like vestiges occur. The 
existence of these cords affords support to the conclusion that the closed 
or partially closed tracheal system is a derivative from an ancestral hb!o> 
pneostic condition. Stigmatic cords have been detected in larv» of most 
bfdeis of insects. 



WrSlOIXXiY OF RESHRATION 


, Physiology of Respiration 

Among vertebrates it is well known that oxygen is conveyed to the 
tisanes by means of the haemoglobin in the blood, but in the vast majority 
of insects it is primarily conveyed to the various organs of the body by 
the tracheal system. The blood in these 
animals is generally of secondary importance in SP 

respiration, but it is incorrect to assert, as is ^ ' 

stated in some works, that it plays no part in 
the process at all. The whole subject of insect I 

respiration, and the literature thereon, is dis- 
cussed by Wigglesworth (1931), and the reader 

is referred to his paper for more detailed infer- . a 

mation. ^ ^ /\ 

In holo- and hemi-pneustic insects the air cp 

enters the tracheal system through the spiracles * 

and is either con^nuously changed by the I *, ) y 

physical process of gas diffusion, or rhythmic- '' _ ./-X 

ally changed by muscular movements of the j'/L 
body-wall, in combination with diffusion. / V 

Among most larvae, in pupae and in the smaller 0 

and less active imaginal forms, diffusion alone SC^ I ^ 

prevails. In the larger and more active 

imagines respiratory movements are a regular q 

phenomenon. Expiration is brought about by D 

the contraction of the tergo-sternal and other _ _ _ 

of the body muscles which bring the terga and £jgj,fg (trypaneida). 
sterna closer together. Inspiration is not, as ^ spirade of sm in»tat larv. 
a rule, produced solely by the elasticity of the 

body shields causing: return to their normal vthrouBhspir,uiPof2ndinstarwascast 

-I . - ^ V 1 XT X A* off during ttdysis, », integument, w, 

positions, but IS caused by the contraction spnacular chamber, sp, bpiracl**, I, 
of special muscles which separate the terga nodgr»»»,/o»m. 

and sterna. Most of what is known concern- 
ing the respiratory movements of insects is due to Rathke (i860). Plateau 
(1884) and Langendorf (1883). The two last-mentioned observers, by 

means of lan- 

^ 5 tern projections 

on a screen, 
studied the en- 
larged silhou- 
I ettes of the 

insects under 
investigation 
(Fig- 131)- By 

Fig 131 — PRoriin OF B/yirM 

Tha blac^k surface represents the expiratory contour, the thin Ime the inspiratory contour UgCo WA 

The antnvs show the mrection of the expiratory moiement After Plateau , reduced from COntOUf dU6 tO 
A aisgfch-lanteni piojection . * < • « 

inspiration and 

expiration w^e observed and traced upon the screen so as to give two 
superposed figures. The principal facts concerning the respiratory move- 
ments of an insect at rest, as determined by this method, may be sum-* 
marized as follows. 


Fig 130 — Spiracies of Bbaqo* 
LBTI8 (Trypansida). 

A anterior spiracle of srrl Instar larva 
B, right pronotal spiracle of pupa e, 
( itatrix or ( loscd end of remauis of passage 
V through spiracle of 2nd instar was cast 
off dunng ccdysis, t, mtegument , 
spnacular chamber, spiracle, f, 

trachea Ad ipted fiom Snodgrass, Jtmm, 
Agru Ke\ , 1924 


Fig 131 — PRontE of Bfatta oaijiataij?. 

The black surface represents the expiratory contour, the thin Ime the inspiratory contour 
The arronvs show the mrection of the expiratory mosement After Plateau , reduced from 
h aiagfC-luiteni piojection 


t«8 ^ tm mmnAtom stmaa 

{() tlM» caqAtatorjr movoneti^ of tefleete «M liM!ia»4 itt iQb mi. U 

mmk ctMM». tiw ihoradc MgUABts (So ncrt fikm Iw^voon. It 

ta VK/segaotL in this reaped 

(a) T1»9 movements (insist of an alternate contraction and laoovatjr of fSw figen! 
of tne abdomen m two dimensions, vis , vertical and honsontsl. During eXj^rttioa 
both diameters are reduced while during mspiration they rev^ to their pceviouli 
condition. The vertical expiratory contraction is the most marked and m P»rifitm«i$ 
amounts to |th of the depth of the abdomen (between segments 2 and 3). Oiange e in 
the length of the abdomen mvolvmg protrusion and subsequent retraction of the 
segments are rare m insects as a class, but are characteristic of aculeate Hymenopteia, 

(3) The nature of the respiratory movements depends upon the formation of the 

abdominal segments In Coleoptera the sterna 3neld but httle while the terga ars 
mobilr , in Penplaneta the sterna are slightly raised during expiration. 'Viniea fbo 
terga overlap the sterna and conceal the pleural membrane, the two shields approach 
and recede alternately, the sterna being the more mobile This type of movement 
is exhibited m Odonata, acrydian Orthoptera, aculeate H3rmenoptera and Diptera. 
When the pleural membrane is freely exposed the terga and sterna appropdi and 
recede alternately, the pleural region becoming at the same time depreipd and 
then retummg to its original figure This type is prevalent among Tettmoniute, 
Neuroptera, Tnchoptera and Lepidoptera \ 

(4) In most msects the expiratory movement is active and is effected by me con- 

traction of certain of the abdominal muscles , inspiration 1^ slower than ex^ation 
and IS partially effected by the elasticity of the body-wall \ 

(5) The frequency of the respiratory movements depends upon temperatuin and 

the muscular activity of the insect ' 

Notwithstanding the very definite nature of the respiratory movements, 
their significance is not fully understood By alternately dilating and 
compressing the tracheae they bnng about ventilation of the larger vessels 
in a way analogous with the respiratory movements of mammals. The 
&ct that the tracheae are for the most part circular in cross-section auid 
provided with spiral thickemngs to prevent collapse, argues that they are 
not easily compressed. In some insects, however, the main tubes are 
ellipticail in cross-section, or have imperfect spiral thickenmgs, and are 
consequently compressible In others, the development of an elaborate 
system of air-sacs ^ows of compression It is not dear whether respiratory 
movements cause a simple flow of gases in and out of the tracheae or whether 
a directed current is involved. Certain recent expenments with Orthoptera 
suggest that the thoracic spiracles are inspiratory and those of the abdomen 
expiratory. Whether such differentiation of spiracular function is constant, 
or dependent upon an internal mechanism regulating the action of the 
sinracular valves according to varying needs, is still uncertain (vide also 
p, 69). According to Krogh (1920) the tracheal system in DyHscits is 
emptied during strong expiration of two-thirds of its total gas capadty, the 
remainder being changed by diffusion. The latter process is of prime im- 
portance in tracheal respiration, and in insects which show no respiratoiy 
movements the whole of the gaseous exchange takes place by this process. 
In all insects gaseous exchange in the smaller tracheae and the tracheoles 
is ly means of diffusion. As Krogh has shown, the diffusion of oxygen 
into the tracheal system may be determined by the formula 

PJA 

^ 'L 

where 5 *= c c of oxygen used per second ; p » partial pressure of oxyi^ 
in the atmosphere (20*93 per cent, of an atmosphere) ; p' « partial pressmu 
of oxygen at the ends of the tracheae ; A, the mean cross-secti<«al Hang 
of tiw tracheae in cm* ; L, the mean length of the tradieae in cm., and A «« 

constant for oxygen (i.e. 0*18). By means of this fottmilSr ii 
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mjm (X^) ft vaziatde amount of fluid occupies the ends of the tracheoles 
nrhwh is controlled by the osmotic pressure exerted by the sunousdipg 
tiacuft fluids. Since the osmotic pressure increases durmg muscular activity, 
for instan^, liquid will be absorbed from the tracheoles and air will repll^ 
it. lio this way the surface from which oxygen can diffuse into the tis^ 
fluids wfll be ^rrespondingly increased. 

Whilo^ the intake of oxygen is throt^h the spiracles the elimination of 
carbon dioxide presents certain special problems. While being given off 
flrom the tissues it will diffuse in all directions and pass to the exterior partly 
throug^^ the integument and partly by means of the tracheal ^tem. Ihe 
propor t ion of carbon dioxide that wiU escape via the integument natural^ 
depends upon the permeability of the latter, the strength and frequency 
of the respiratory mqyements and other factors. Thorpe (1928) has shown 
that in insects vrith thin cuticle carbon dioxide escapes from the general 
body surface, whereas in heavily sclerotized Coleoptera it only dfflUses 
through the intersegmental membranes. Few exact measurements of the 
proportion of carbon dioxide that is eliminated through the general>body 
cutide have been made According to v Buddenbrock and Rohr (1922 a ) 
it amounts in Dtxippus to about 25 per cent, of the total output. 

In aquatic insects, with a dosed tracheal s}^tem, the principle involved 
in the respiratory exchange is the diffusion of gases in solution throng 
an intervening membrane. In most cases the membrane concerned is 
the thin integumentary covering of the gills or, where the latter organs 
ate wanting, the diffusion takes place through the general body-walL In 
water with normal oxygenation the oxygen content of the tracheal air is 
lower than that of the water, whereas the COt content is the same as 
or a little higher than that of the surrotmding water. The oxygen dissolved 
in the water passes by diffusion through the part of the integument cono 
cemed and enters the tracheae in the gaseous state. Here it is circukteilt 
partly by body movements and partly by diffusion, into the tradieoleft 
frmn which it passes again into solution in the protoidasm of the tissnM 
and in the blo^. As the internal ojygen is constantly being used Up in 
respiration there is a continuous diffusion from the region of higher pimial 
v^m^sure (in the water) to the region of lower partial pressure (in the insecf;} 
and the gases tend to equilibrate. In insects devoid of a tr^eal syatnairli 
W where the latter is only very feebly developed, the oxygen diffu^ dirftotl^ii 
into the blood which conve}^ it to the various organs. In apneustic paiaaltln 
' iWVie which live bathed in the blood of their host, the only availaWe soiOafk 
of mygen is that contained in the latter. Since the host breapaftt 
fttBic»|i|ieric oxygen its blood would contain a higher percentage of oa(y|M|. 
Una tint of the parasite, and the same principle of diffusion from a 
stf lijiflher par^ pressure (maintained in the blood of the host) to one ^ 
IHwe par^ pressure (in the blood of the parasite) would hold good. 

that the cuticle of these pamites has an extreme 
flNtte is frequently a subcutaneous reticulum of fine tracheas whicli m 
iMinditdaiiGe with this type of cutaneous respitation. In many of 

wiikai ate terrestrial organisms, the catide is also but li|l^ 
i and ft tiftChcalsystMn is totally wanting. In tinse caaeff d s ||||| p 
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is iMilietnsd to <Sfiase tibmigh the gonersl surface of the bo4y fod to be 
taken tqp by tlK fdood isrhich ad» as the sole dktrilratii^ agent. Hogen««it) 
Ttsi^tory protein, comparable with hsemocyanin in Ornstaoeai has been 
discovered among insects. The blood has been found to contain but HtSe 
oxygen and no more than can be accounted for by physical solution. TbKre 
is little doubt, however, that the blood plays the part of intermediaxy 
between the tracheolar endings and many of the tissues, while in atracheate 
forms it acts as the sole oxygen carrier. In many metapneustic dipt^ous 
lar\'x a rich supply of tracheal branches passes to the hindmost chamber 
of the heart forming, apparently, as a kind of limg. In a few exceptional 
cases haemoglobin is present. Thus among certain Chironotntts larvae it 
occurs in the blood plasma and such forms live in an environment poor in 
oxygen. As Leitch (1916) has shown, this pigment enables the blood to 
bind chemically sufficient oxygen for the needs of the animal when the 
oxygen tension of the surrounding medium becomes too low for the necessary 
supply to be provided by physical solution. Haemoglobin also occurs in 
specialized tracheal cells of Gastrophtlus larvae (Fig. 124) , in somewhat 
similar cells in the Notonectids Btienoa. and Anisops an 4 jn the male accessory 
genital gland of Macrocorixa (Haviland Brindley). \ 

There is reason to believe that the intracellular respiratory pij^ent 
termed cytochrome (KeUin, 1925) is of general occurrence among insects, 
and its presence indicates that they already possess the chief constituents 
from which haemoglobin may arise. The existence of haemoglobin, therefore, 
in these isolated instances does not necessarily imply any profound physio- 
logicad difference between them and other insects devoid of this pigment. 
Cytochrome is found in highest concentration in the thoracic muscles 
of fl3dng insects, a fact which appears to be correlated with the rich trapheal 
supply, peculiar structure, and exceptional activity of the wing-mascles 
(vide p. 55). The facility with which cytochrome constantly takes up 
oxyrgen and supplies it to the cells suggests that its high concentration is 
to meet the oxygen requirements of these special muscles. In other organs 
and tissues it has been detected only in small amounts, while it has also 
been found in both eggs and larvae. 
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MOKG insects the circulatory system is largely an open one, there 
being only a single closed or^ or dorsal vessel. The greater' 
part of the circulation of the blood takes place in tlft cavitiair 
of the body and its appendages, the blood occupying the spaces not appio- 
:^ted by the internal organs. The larger of these spaces may be endosed 
q)ecial membranes and form definite sinuses. With the exception or 
the aorta-like anterior prolongation of the dorsal vessel, which usua^. 
.i£\ddes into terminal branches, there are as a rule no definite veins 
isirteries such as are found in many Arthropods. In the appendages and 
whig-veins, however, the blood Hows in ingoing and outgoing streams alqt^ . 
defined channels analogous to blood-vessels. In the larva of Cklom the, 
hindmost chamber of l^e heart gives off three caudal arteries which enttf 
&ie respective tail appendages. 

The organs and tissues belonging to the circulatory system are separ<T 
, atdy dealt with below. , 

Ihe Diaphragms and Sinuses.— When the diaphragms are com* 
^pletdy developed the general body-cavity or hsemocoele is divided into 
!l&ree sinuses by means of two fibro-muscular septa (Fig. 132). The ior^ 
is the principal septum and the one most generally prevatoi 
extends across the abdominal cavity above the alimentary canal add 
jblood-space, thus enclosed, is known as the dorsd or pericardial sitiMi, 
latter is situated beneath the abdominal terga and within it is located! 
heart. The ventral diaphragm stretches across the abdominal caii^ty 
above the ganglia of the ventral nerve cord, and the space limiti^ 
it is the ventral or perineural sinus. Between the dorsal and venire^ 
‘i^pses is the large cen^ cavity or visceral sinus containing the priiK^l|l 
lllliemal organs. ^ 

of alary muscles, composed of striated fibres, arise from the 
^li^i^ead out fanwise over the surface of the dorsal diaphragm. I! 
of Cine alary muscle meet, beneath the heart, those of the correspond^ 
of the opposite side of the body. In some insects, includiag 
CoUembola, dipterous larvae, and Anoplura, the alary musdes. 
ai^itched to the walls of the heart (Fig. 134}. These muscles vary in 
largely according to the number of chambers present in &e 
^ Feripianeta, for example, there are 12 pairs of alary muscles . 

^^tbe hive bee 4 pairs, in Hamaiopinus 3 pairs and in the larva of ' 

•‘tire Dorsal Vessd.— The dc^sal vessel extends from near the 
of the body, through the thorax, and terminates in 
situated along the mediw dorsal line just beneath die in 
protected by the dorsal diaphragm below. 

IthkiDcis tube, usually closed posteriorly, and always 


,s'.4v' 

If , 






tMOfM. " 



it i ^ii^i^M r t^twii fib poDiitloiift ^tUtt tbft i^vb t)y 

jpMIKMy lihtmatts attached to the abdondiM^l terga a;i^ IMh 
I lln doisal diaphragm also. It is generally divided by suocessivi 
ms into a series of Cambers but, in some insects, it is an maconf 
ShMsd tnbe, and its segmentation is only evidenced by the presencS d 
{Mdsed ostia (described below). In the most primitive condition these 
w a Ishamber for each thoracic segment, and for each segment of the 
abdomen, excepting the last Among most insects, however, the heart is 
cestticted to the abdomen and is variously shortened from both extremities 
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-Schematic Transverse Section of the Thorax of PgittpiAifBrA showing tbIp 
Diaphragms and Sinuses ^ 

the pliiti arrow! indicate the ooune of the acculation towards the bead and the dotted arrowa mgnify transvfiM cwfMi 
aore or leaa parallel with the plane of the paper k, dorsal vesael , 4, pencardial diar bragm , /> 5 , pericardial iilMia 
enatohlfua; a a, visceral sinus , diwi, dorso ventral muscles , I, latemftracheal trunk , f|, leg tnchM, df, veM^«& 
pmSn ; pMt pen neural emus , nr, nerve cord , n, nerve to leg The Mvity of tte leg is divided into an anMte a 

SttnUi peateriOT smus p either iy muscles or by a membrane m, in the femur the trachea and nerve are attaohed 
wSSmS^i cwa , lb, tibia and tarsua Adapted from Brocber, Ann Soc Bnt tr 1922. ^ ^ ^ 

with the result that the chambers are fewer in number than the abdcmf}^ 
ttameats. In Periphneta (Fig. 133) the heart is exhibited in an exoeptj,^^ t 
SOy primitive condition and is composed of thirteen chambers : in 
msve are ten chambers, in Lucanus cervus seven, among aculeate Hyiiin^'H 
i<mtef a thexe are five, and in Musca three : in a few insects the henrt f||| 
ndlioed to only one chamber. HistologicaUy the heart is composed 
of cells with large nuclei, and striated muscle fibrihas ate 
sd witldn the cytoplasm. The cellular layer is bounded both < 
and internally by a d^cate membranous tunic. The blood eniwt i 
tbmudi lateral inlets or ostia, a pair of which is situated at eaidi 
adjacent chambers. The waU of the heart is reflected! 
at eadi ostium to form an aumidar wUw, which pteelti^J 
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return flow of the blood into the dorsal sinus In many insects «ach pair 
of auricular valves also functions as a ventricular valve, which prevents the 

backward flow of the blood in the heart itself 
(Fig 137) In the larva of JEschna the ventri- 
(ular valves are separately devclopied and situ 
ated some distance in fiont of each pair of 
ostia 

1 he aorta is the antenor prolongation of the 
doisal vessel and it functions as the principal 
art( 1 \ of the body I ts j unc tion with the heart is 
frequently maiktd by the presence of aortic 
vail es I he aorta extends forwards through the 

thoiax to tciminate in the head near the bram 
In some insects its anterior extremity is an open 
funnel like mouth but, more usually, it divides 
into two or mou cephalic ailenes each of wmth 
m ly subdivide into smaller vcsstls \ 

Accessory Pulsatory Organs. —In addition 
lo the hcait aiccssoiy pulsatory oigans have 
been desenbed in many insects They are sa^- 
hki stnicturcs situated in vanou regions of the 
bod\ and pulsate independently of the* heart 
L’lochtr (iqiq) has obscived thoracic pulsatile 
Oigans m Piotopaice and Ihli'^cus wheic they 
aie piesint ^ust beneath the meso and meta- 
thoi icic ttrgi In Piotopaicc tlu mcsottrgal 
pulsatile organ is well developed and is directly 
connected with a specul diverhculum from the 
loop of the aorta (1 ig 1 55) the metathoracic 
oigan on the othei hancl is verv small In 
Dyttscui the icversc obtiins the mctathoraeie oigan being the best 
developed Among Hcmiptcra special pulsitile organs arc present in the 
legs in Peitplaiuta and othci insects including Lcpidoptcia, there is a 
pulsatile vesicle at the bast of each antenna 
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Fig 134 — Tran<>vfrse Section or thf Hfart oi a Tachinid f arva. 
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The Blood.— The blood (or haemolymph) of insects is contained in 
the general body-cavity, where it freely bathes the various internal organs 
and alsQ enters the appendages and the tubular c^avities of the wmg-veins 
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It conMSts of a liquid substance or plasma containing a number of small 
amoeboid, nucleated, colourless corpuscles known as leucocytes or amcebocytes 
which vary in diameter between about 006 mm. and ’027 mm. 

The plasma may be either colourless or pale yellow, green, reddish, 
etc , owing to certain dissolved pigmentary substances which combine 
with the proteids present In the larvaj of some species of Chironomus 
the plasma is red owing to the occurrence of haemoglobin Among leaf- 
eating lepidopterous larvae, Poulton and others have shown that the yellow 
and green pigments of the blood are derived from the food, and absoibed 
without undergoing fundamental changes. When m contact with the air 
the blood frequently darkens. This change is due to two causes ; — (l) 
the oxidation of the albuminoid substances present and (2) the precipitation 
of greenish-black granules of uranidme which is produced at the moment 
the blood leaves the insect (Cu<*not). Clotting is also a fiequent pheno- 
menon, the clot involving both the leucocytes and uranidme granules. 
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Fig 135 — SrcTioN through the Thorax and Hasf oi ihp Abdomen of PjtoTon/ta 

tONYV/VVLl SHOWING THE CIRCULATORY bYSlPM (DIAGRAMMATIC) 

a branch of aorta to iTjesothoijt 1C pu satilt organic , be It op of iorti r 'ind A: iii us, / heart, g alary muscle; 
h gut t, vtiitral iim e cx>r<l , / nitsotetpal inusc]«<«, /, stuUUiun, m rnttiUiisUm uul its puIsitiU organ mj , n, 
ahdojniuil tegum , 0, \cutral iliat.,1 im , blood space , r, nu sophi igma » '» ‘»p«atlr Arhptf d from Brt clitz, Atch AwA, 
hxp 19x9. 

The more recent researches have shown tliat marked dilferences exist in 
the blood of the two sexes. Thus Steche (Zeih induki A hstamm. u. Vererb 
8, 1912) observed that the plasma of male larv® of Lymantria dtspar is 
yellowish and that of the female green. Also, when the plasma of the 
two sexes is brought together a precipitin is formed. These experiments 
have been extended by Geyer {Zeiis miss. Zool 105, 1913) who noted a 
similar precipitin reaction in other insects, including cases where no colour 
differences occur in the plasma of the two sexes. 

The leucocytes exist in several forms and four types of these cells are 
recognized by Hollande (1911) as being present in most msects (Fig. 124). 
These are— (i) Proleucocytcs or young leucoc5rtes which divide by mitosis 
and give rise to the other types of leucocytes (2) Phagocytes or cells 
capable of ingesting other tissues and micioorganisms : such cells have 
a hyaline protoplasm ; (3) Granular leucocytes whose protoplasm is charged 
with granules exhibiting acidophile or basophilc reactions • these cells 
frequently function as phagocytes. (4) (Enocytoids, rounded or spherical 
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itltldi do not exhibit phttocytosis : dieir pMimP 1» Mofiawni 
wild ttuudcedly aridophile. Houande'sdasaificatioa it» the diflttii 

fnsA that of Cuenot (1895) who regards (2) and (3) as stages ip the Ovohl* 
don of a single type of cell. In addition to the for^^ing ctonenta these 

nmy be specid leucocytes dhaxged 
with fat (Heteroptera) or wa|X 
{Orthezia and many Aphidida). 

The principal function oi the 
blood is the transportation of the 
nutritive products of digestion to 
the various organs of the body. 
Its rdle in respiration m most ui' 
sects is secondary owing to the 
highly developed trache^ ssritem 
wWch conveys oxygen tol all 
parts of the organism. (Fonthe 
respiratory function of the bll 
vide p 130) 

Certain insects exhibit the property of reflex-bleeding or, in other woi 
they have the power of ejecting blood from the femoro-tibial and othW 
articulations of the body. They usually fdgn death at the time, and the 
blood which exudes may possess toxic, caustic or other pioperties which 
it is believed render such insects distasteful to their enemies Reflex- 
bleeding is particularly evident in Mdoe, Canihans and other Coleoptera, 
also in certain Hemiptera and Orthoptera, while many Aphididse discharge 
blood through their cornicles , 

The Circulation of the Blood.— The heart is the principal pulsatory 
m'gan, and it undergoes rhythmical contraction 
which are brought about by the muscle fibrill 
situated in its walls When the heart is coir 
posed of several chambers the latter pulsate, on 
after the other, with the result that a peristalti 
wave of contraction passes from the caudal e? 
tremity forwards. At the moment of diastoh 
in a given chamber, the blood enters tbroug 
the ostia from the pericardial sinus, but tb 
ventricular valve is closed During systole, th; 
valve is open, and the blood flows into th 
chamber in front : at the same time the ostia ai 
dosed, and the return of the blood into the per 
cardial sinus is thus preduded (Fig 137). O 
being propelled forwards, the blood passes ou 
at the anterior end of the dorsal vessel, an< 
enters the cavity of the head ‘ from there i 
flows into the visceral and perineural sinusi s 
According to Brocher, the dorsd pulsatory orga is 
Ining about the circulation of the blood in t le 
legs, wing- veins and among the muscles of tie 
th^ax. In Proteparu convolvuli he regards t 

i^gal pulsatile oigans as being more important than the heart 
iping the blood. By means of the up and down movemehts of 
•diaphragms its further circulation is provided for, and ^ %i#d 
vtoiately returns to the pericardial anus. It either enters through ^ 



Fig. 137— ValVbs or m 
Hbakt. 

A, B, C, chambers of tba beart) 
AB, at the moment of syitol«i 
BC, at the moment of dfasUm p, 
mterventricular passage, e, 
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fnmtm Ib. t)»e diai^luragm or, if these pezforatiQnB axe wanttog. it 
Bom into the tiericaxdial siinis at the hinder extremity of the bmy, 
whocfi the dorsal diaphragm is incomidete. The contractions of the body 
mnades during respiration are also of considerable importance in aiding 
the flow of the blood. The blood circulates in the veins of the expanding 
wings of newly emerged insects, and it is largely by means of the pressure 
which it exerts that these organs attain their full extension. The veins 
of the fully formed wings have been shown by Moseley (1871) and Brother 
(i<)x6, Z919, 1920) to function as blood channeb since a definite circulation 
is maintained through them. 

The frequency of the pulsations of the heart varies not only in different 
insects, but also in different stages in the ontogeny of the same species. 
In Sphinx Ugustri, for example, Newport found that the average number 
of pulsations in a larva before the ist ecdysis is 82-83 per minute, b^ore 
the 2nd ecdysis 89, but before each succeeding ecdysis it gradually dimin- 
ishes to 39 in the final larval instar : the force of the circulation intensifies 
as the number of pulsations diminish. During the quiescent period, prior 
to each ecd5rsis, the number of beats averages 30. In the pupa it falls 
to 22, and subsequently to 10 or 12, ultimately almost ceasing during 
hibernation. When the imago is in repose the pulsations number 41-50 
and in flight 119-139. A decrease in temperature has a marked effect 
in reducing the frequency of the heart beats. Dogiel (1877) has found 
that in the larva of Chaoborus many poisons, when acting feebly, accelerate 
the pulsations, but when allowed to act energetically a retardation is 
exhibited. Such drugs as muscarine, curare and strychnine have no 
appreciable influence. 

Special Organs and Tissues Associated 
with the Blood. — ^The following organs and 
tissues are regarded as performing important 
functions in connection with the blood. It 
must be pointed out, however, that their true 
physiological significance is still obscure and 
very divergent views are held. 

THE CORPORA ALLATA. — These are a pair of 
small ovoid whitish bodies lying behind the 
supra-cesophageal ganglion, in close relation 
with the sympathetic nervous system (Fig. 

62). In some cases they have been mis- 
taken for a pair of posterior s}nnpathetic 
ganglia but, histologically, they ^er from 
nervous tissues and have rather the features of 

glandular organs (Fig. 138). According to _ 

Janet (1899) they develop as a pair of ectoder- fio. 138 — Transversb 9bc- 
mal invaginations of the mandibular segment. tion of a Corpus allatou 
Jhs^ologicafly, they are to be cegwded as ^4 
ductless id^ds which secrete certain substances Lamblijb with Epithbual 
(hcHnnones ?) into the blood. Corpora allata are Covering. 
found in all orders of insects (vide Nabert, **^’***’*' 

(ENOCYTES.— The term oenocytes is given to certain umlly 
very laxge cells, which are commonly grouped in metamerically arranged 
clusters in the pleural region of the abdomen or, occasionally, they may 
UiKleud over the sterna (vide Wheeler, 1892). They are probably universm 
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Fig 1 39. — C 1 L STFR or (Tnoc ytes r rom a neart v 

MATURl Phi YOANEID LARVA 

o o noivtrs I trachea it s ill tncheal bi inches h trarheil 
bypudcrinis 


in all orders of the Pterygota and are ectodermal in origin, being derived 
from segmental groups of cells situated just behind the primary invagina* 
tions which give rise to the abdominal spiracles (Fig 140), Among nymphal 

and larval insects the oeno< 
cytes may retain their original 
connection with the hypoder- 
mis, or they may migrate into 
the superficial layer of the fat- 
body, or come to lie in close 
association with certain of the 
branches of the tracheae (Fig 
139) Among larval Culicidae 
and C hironomid«e there are 
regularly two kinds of . these 
cells the large and small oeno 
cytes In adult insecti the 
oenocytes often differ consider- 
ably from those of the' im- 
mature stage s of the si^ime 
species In the imagines of 
Xtphidium and Blaila they lose their original metamcnc arrangement and 
exhibit a more scattdcd distribution in ants the oenocjtcs attain an 
enoimousl^ greater size in the larva than in 
the imago (Peicz) 

Histologically, an cenocyU is chaiacterized 
by the large oval or lounded nucleus an 
abundant cytoplasm, and an external hunting 
membiane OLnocytes an \aiiable in cohmi 
and often have the light yellow appearance of 
certain wines, a fact which suggested their 
name The views held Mith legard to the 
functions of these cells are extiemely conflict- 
ing, but it appears probable that they elabor- 
ate and discharge into the blood some 
physiologically impoitant secretion Glaser 
(1912) concludes from a senes of experiments 
that in laivde of Zeitzeia they secrete enzymes 
which oxidize leserve food mateiiaJ stored up 
as fat 

xm PHAGOCYTIC OR SPI ENIC ORGANS — In 
Forfietda, and some Orthoptera and Thysa- 
nura, Kowalevsky (1894) recognized certain 
bilateral groups of cells placed either just 
below the pericardial cells on either side (1 0; fi- 
cula) or on the concave side of the dorsal 
diaphragm {Caloptcnus) These cells exhibit 
a marked amoeboid character and are believed 
to gi\e use to fresh leucocytes It appears 
that they also have the propeity of taking 
up and storing particles of Indian ink and 
othu colouring matter when injected in suspension into the body cavity. 
In this respect they differ from nephrocytes which only deal with matei^ 
in solution. 


O 

a 



Fig 140. — A NiARiY maturk 
rMTlRYO O'? Xit DiOiOM 
o cpnocytt* cluster a appendage of 
xst alKlominal &c Liiif>nt , s style , c, 
cerciis Ihis and I jg lay after Wheeler, 
Psycke, Z893 
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THE EXCRETORY ORGANS AND FAT-BODY 


T he prinripal excretory organs are the Malpighian tubes, and an 
accessory excretory function is performed by the nephrocytes, 
fat-body, and labial glands (in Ihysanura). 

The Malpighian Tubes (Fig 141)— First discovered by the Italian 
anatomist Malpighi, these organs are almost universally present anmng 
insects. They are long, slender, blind tubes lying in the haemocoel where 
thev are freelv bathed bv the blood. They open at their proximal extrW- 
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Fig 41 — Maipighian Tubes. 

A* Mdohntha vi 4 gam B, portion ^ith diverticula more highly magnified C Galltm mdtonella* D, TimanHu 
^ bncoM h CaUiphora (Ian a) A, hind intestine A^-D after Vcnexiani, Redial 1904 


ties into the commencement of the hind intestine, near the junction with 
the mid-gut. Distally, they are usually free but in some insects, particu- 
larly Coleoptera, their blind ends are closely attached to the walls of the 
colon or rectum without, however, opening into those chambers (vide 
Woods, 1916). The exterior of the Malpighian tubes is richly supplied 
with a reticulum of fine tracheae whose larger branches serve to maLintelw 
these organs in position The number of Malpighian tubes is very variahil 
but tolerably constant within the limits of most of the orders (vide Vetifi* 
dani, 1905). These vessels usually occur in twos, or multipus frf 

tAfi 
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and fMr aumber aioe(»diiig to 'Wheeter (2893) ksax. t It is only 

vmy exc^tionally that more than six are present in the embryo and they 
am often reduced to four. Specialization dthef by addition or reduction 
is frequent ; their number may exceed 100 while, on the other hand, it 
is oftMS less than six. The t3q>ical number of these vessels present in the 
various orders is given below. 


Alioplura, Thysanoptera, Hemiptera, Diptera and Aphaniptera 4. 
l^socoptera, C^leoptera 4-6. Isoptera 2'^. Thysanura 4—16. 

Mflcoptera, Tnchoptera and Lepidoptera 6. Nruroptcra 6-8. Dermaptera 8-20. 
Bpemeroptera 8-100 Plecoptera 50-60 Odonata 50-70 Ortboplera 30-120. 
Hymenoptera, 6-20 in ants and over 100 m many Aculeata 



The Coccidse and larval parasitic Hymenoptera are exceptional in having 
only two Malpighian tubes and the 
Culiddae have the unusual number of 
five. In certain of the Thysanura, the 
Protura, and Stepsiptera these vessels 
are doubtfully represented by papillae : 
in the CoUembola, Japyx, and the 
Aphididae they are wanting altogether. 

Although the Malpighian vessels are 
usually simple tubes they are sometimes 
arborescent, as in Gallena mdloneUa, or 
they may give off short closely-packed 
diverticula as in Melolontha (Fig. 141) 

Very frequently the tubes unite in pairs 
and they may open into a common 
ampulla or bladder, which discharges 
into the hind intestine. When very 
numerous the Malpighian tubes may be 
grouped in bunches, each bunch dis- 
charging by a separate duct or ureter : 
in the GryUidee all the tubes converge 
to open into a common ureter of con- 
siderable length. Not infrequently the 
Mali^hian tubes exhibit morphological 
nnd ph3^iological differences. Thus, in 
Haliica and Donacia four of the tubes 
discharge into a common ampulla while 
the remaining two shorter vessels have 
isolated insertions. In the larva of Myriatropa the two posterior tubes are 
filtform while the distal portions of the anterior pair are of even greater 
diameter than the intestine and contain CaCOa which is absent in the 
other vessels. 

When viewed in transverse section a Malpighian tube is seen to be 
composed of a ring of about three to eight large and variably-shaped epithelial 
cells Muth prominent nuclei. Histologicailly these cells bear marked resem- 
blances to those of the convoluted tubules of the vertebrate kidney. Where 
eaditell borders the cavity of the tube its margin exhibits a striated appear- 
ance whose true nature has been much discussed. In some cases it is due 
fo numerous separate filaments while in-others closely set pore canals appear 
ie responsible. The appearance may vary over Cerent r^ons of each 
Malpighian tube (Fig. X42). The epithelial cells also show an outer striated 
in many insects and they rest externally on a basement membrane 


Fig 142 — ^Malpighian Tubbs of 

RbODJTJUB (RBDUVIID.S) SEBN IN 

Optical Sections of I.iving Ma- 
terial A, Upper Rfgion of 
Tube with Excretory Granules 
IN the Ceils B, Lower Region 
OF Tube with Excretory Spheres 
IN THE Lumen 

If lumen , n, nucleus of excretory cell , d, outer 
striated zone , sh inner stnated mardn (fila- 
mentous in B) Adapted from Wiggleswortb, 
Journ Exp Bid 1931 
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which is covered by a peritoneal coat often containing muscle 
(Veneziani). , . ^ 

Functionally, the Malpighian tubes are concerned with the removal of 
the waste products of metabolism from the blood. These substances 
accumulate in the epithelial cells of the vessels and are discharged into 
the central cavities, thence they pass into the intestine and are evacuated 
through the anus. The waste products stated to be eliminated by the 
Malpighian tubes arc extremely varied and naturally depend upon the 
character of the food. As a rule the Malpighian tubes are coloured yellow 
or brown but the nature of the pigment present is obscure. The chief 
products of protein metabolism are uric acid and its salts : other organic 
constituents are small quantities of creatine and sonietimcs of urea, while 
guanin, so characteristic of Arachnida, is ab.sent. Of inorganic constituents 
the most important in many insects is calcium carbonate, while calcium 
oxalate is also frequent Many other inorganic compounds, derived from 
the food and not being required by the organism, arc excreted. iThe 
discharge of waste substances from the Malpighian 
tubes is facilitated by the vermiform movements 
sometimes seen in the latter which arc due to me 
contraction of muscle fibres previously alluded to. 
Among Homoptera carboliydrates in the form of 
excess of sugars are regularly voided as "honey dew,” 
of which they are the c'hief constituent. 

Calcium carbonate is known to occur in the 
Malpighian tubes of many saprophagous and phyto- 
phagous larvas of the Dipt era and also in certain 
larval Cerambycidie. It is usually present in the 
form of small granules, but, in the Agromyzidae, it 
forms calcospherites which also occur in special 
cells of the fat-body. Among Diptera, before pupa- 
tion, the lime is dissolved in the blood and is 
excreted through the newly formed pupal cuticle into 
the eedysial fluid. When the latter is absorbed 
the lime remains as a deposit on the inner surface 
of the puparium (Keilin, iQ2i). Among the Cerambycidae the lime is 
utilized in the formation of an operculum which closes the pupal cell. 

In the Carabid Lebia scapularis (Silvestri, 1905) and the Neuroptera 
Planipennia (Anthony, 1902) the Malpighian tubes secrete the silk used in 
constructing the cocoons, discharging it through the anus. 

The Nephrocytes (Fig. 144). — ^The nephrocytes consist of certain 
localized groups of cells, often binuclcate, which have the property of storing 
up substances of an excretory nature (Fig. 143) . They occur in two principal 
groups ; (1) the dorsal or jiericardidl nephrocytes and (2) the ventral nephro- 
cytes. The dorsal nephrocytes are commonly termed the pericardial cells, 
which consi-st of two chains of cells arranged in a linear series one on either 
side of the heart in the pericardial sinus Such cells are pre.scnt in the im- 
mature stages and adults of most insects, but in Pedtculus they are repre- 
sented by disseminated cell aggregates linked with the fat-body (Keilin 
and Nuttall). The ventral nephrocytes principally occur in Dipterous larvas 
where they constitute the " garland-like cell-chain ” of Weismann. In these 
insects they usually form a chain of cells which is suspended in the body- 
cavity below the fore-intestine and attached by its two extremities to the 
salivary glands. 
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The gen'ierally accepted opinion is that the nephrocytes are, excretory 
in function. HoUande (1916), however, disputes this view and maintains 
that the pericardial nephrocytes absorb albuminoid substances of alimentary 
origin and render them assimilable. The excretory function of the nephro- 
C3rtes.is suggested by the fact that they have the property of taking up 
and storing ammonia-carmine and other dyes in solution when the latter 
are artificially introduced either directly by injection into the body-cavity 
or indirectly through the alimentary canal. Further information regarding 
the nephrocytes wdl be found in the writings of Kowalcvsky (1886, 1889), 
Bnmtz (1903), CuOTot (1986), Keilin (1917) and Keilin and Nuttall (1921). 

The labial glands of the Thysanura discharge by means of an excretory 
duct which opens at the base of the 
labitun. According to Bnmtz (1908) 
these organs consist of a saccule which 
eliminates ammonia-carmine and a 
Iab3n:inth which similarly deals with 
indigo-carmine when these substances 
are injected into the body-cavity. 

The excretory function of the fat- 
body is discussed in the next section. 

The Fat-Body 

The fat-body is composed of irregu- 
lar masses or lobes of rounded or 
polyhedral cells which are usually 
vacuolated and contain inclusions of 
various kinds. In many insects the fat- 
body is built up of tightly compacted 
cells : in others it is a more or less 
laminate tissue with numerous lacunae, 
or it may take the form of loose strands. 

In colour it may be either white, yellow, 
orange or greenish. This tissue is de- 
rived from the mesoderm by a differ- 
entiation of the walls of the coelomic 
cavities and it consequently has a 
primitive metameric disposition. With 
the breaking down of the embryonic 
coelom, and the development of a 
haemocoel, the fat-body forms the 

irregular boundaries of the permanent body-cavity. In many insects it 
is possible to distinguish an outer or parietal layer, beneath the body-wall, 
and an inner or visceral layer, which surrounds and enters between the 
various organs (Fig. 145). In some larvae the parietal layer is interrupted 
at each segment and thus retains a .segmental arrangement : the visceral 
layer, on the other hand, forms a continuous sheet passing from one segment 
to another. The fat-body alters very much in its histological structure 
during the life of an insect. In the earlier instars its nuclei are roimded or 
oval (Fig. 146, 3) but they often later alter in character, becoming stellate 
or ribband-like (Fig. 146, 2 and 4). In many cases the cellular structure 
is no longer evident and the fat-body has the appearance of a syncytium 
(Fig. 146, i). 



Fig 1 44.— ttion oi the Anterior 
KlcHON oi THF T.ARVA of PSAOJflA 
cimTA (ANrnoMViDA-), showing the 
Perkarpiai Nephrocytes p , and 
THE Vi ntral Nephrocytes v. 

II, III, 2Qd and 3rd thoracic segments; 1-4, 
abdominal segments, r, cerebral ganglion, d, dorsal 
sessf 1 , nc, ventral gan^lioiiK centre , or, oesophagus , 
pt, proventnculus , s, bali\ary gland, sd, salivary 
duct Adapted from Keilin, ParantologVt 19x7. 
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the {ditji^ogical processes associated with the fat-Sody 
The latter is everywhere in direct communication with tfie bbod, fiaam 







Fio. 145 — Schematic Transverse 
Section of an Insect Larva 
SHOWING Distribution of ihe 
Fat-body 

« alimentary canal . d dorsal vessel n, ven 
ini nerve cord , pf, df^ proximal and distal layers 
of fat-body 


which it receives and stores Up the 
nutrient products of digestion, over and 
above those necessary to maintain the 
normal life of the organism. The most 
generally present substance is fat whidl 
accumulates in the form of globules in 
the vacuoles of the cells. Among other 
products albuminoid granules and glyco- 
gen are commonly foimd in numerous 
insects Waste material in the form of 
urates is also deposited in the fat-body 
and when present in considerable quantity 
it imparts a greenish appearance to that 
tissue. In some insects the urates are 
found in the ordinary adipose cells, in 
others they are located in special uratt 
ceils (Orthoptera, Hymenoptera) . Benese 
has shown that m many larvae the urates 
tend to accumulate in the parietal wt- 


body while the visceral fat-body stores up more especially albuminoid 


substances. As a rule the fat-body is most developed in larvae, and the 


stores of nutrient material which accumulate in its cells are liberated during 


histogenesis. The reserves 
contained in the fat-body of 
adult insects are drawn upon 
during the reproductive pro- 
cesses : towards the end of 
the life of the organism the 
fat-body is greatly shrunken 
and reduced. Insects which 
hibernate possess a copious 
fat-body whose stores of 
nutriment are gradually ab- 
sorbed during the quiescent 
period. 

The presence of urates 
indicates that the fat-body 
performs an important part 
m excretion and any excess 
of waste substances not dealt 
with by the usual excretory 
organs accumulates in its 
cells. In the CoUembola, 
which have no Malpighian 
tubes, the fat-body brcomes 
loaded with concretions of 
urates which increase in size 



Fig 146 — Fat-body of Various Insects. 

It Adult Termite (aoldier) , 2, Adult larva of CaUma hmaemd,, % 
Young larva of formica rufa 4, Adult larva of same £, urata 
cretions , n, nucleus , nc, urate cells , v, vacuoles filled with Ux dkib* 
ules Not 3 and 4 adapted from P&cez, Bull Set Fr et BBg , 37. 


and number with the age of the organism. In insects with comphuta 
metamorphosis, the urates, accumulated in the fat-body during the 
mid pupal stages, are discharged through the alimentary canal at the 
time of emergence of the imago, and form the greater part of tfis 
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mecMtiam. In the Ifoscidee, nidiere the Malpighian tubes underge te-forma- 
tion in the pupa, their function is undertaken by the fat-^body which 
becomes, temporarily, the principal organ of excretion (Marchal, P^rez). 
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terrestres. Cong. Intern. Zool. 2 Sess., pt. i, Moscou. KREUSCHER, 1922 .-Vide 
p, 139. MARCHAL, 1899 .-Contribution k Tetude de la d6assimilation de Tazote. 
L'acide urique et la fonction renale chez les Inverts I )res. Mem. Soc. Zool, Fr. 3, 
SCHINDLER, 1878.-Beitnlge zur Kenntnis der Malpigliischen Gefasse der Insekten. 
Zeits. wiss. Zool, 30. VENEZIANI, I905.-Valore morfologico e fisiologico dei Tubi 
Malpighiani. Redia, 2 . WHEELER, 1893. -The Primitive Number of Malpighian 
Vessels in Insects. Psyche, 0. WOODS, I916.-The Malpighian Vessels of Haltica 
biniarginata, Say. Ann, Ent. Soc. Am., 9. 

Vide also the chapter on Metamorphosis. 
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Fio. 147 — Sfction or thi Inh GUMrNX or the 
Larva of Via itAinopjinA Mg (Iipulida:) 
SHOWING Unicellular Hypodermal Gland 
(A). 

After Kcilin, Arch Zool Fxp , 1913, 


T he glands of insects are composed of one or more cells which secrete 
a substance, or substances, to be used in or eliminated from the 
body. The essential elements of a gland are the epithelial cells 
which have the propeity of selecting from the blood those constituents 
which serve to build up the secretion 

The most elementary types of glands are either unicellular or, if pluri- 

cellular, they are little more than 
simple aggregations of single 
units (Figs 147, 148) GlandsTof 
this t3^e are distributed in me 
integument of vanous parts of the 
body, and thcii secretions ai 
discharged either diiectly to the 
exterioi, or by means of separate 
ducteoles In the latgcr or " or- 
ganized ” glands the secretory 
tells are disposed in the form of 
an epithelium bounding a tube, 
pit, or a more complex cavity. 
The secretion is dischaigcd into the latttr, and flows out through an effer- 
ent passage or duct, which opens on to the part of the body concerned by 
an aperture or pore Such 
glands occupy very defi- 
nite positions and are 
often of complex struc- 
ture. According to their 
general form they may be 
either tubular or saccular 
and, when the central 
cavity, or the duct, is 
branched or divided the 
gland is said to be com- 
pound. There are conse- 
quently compound tubular 
and compound saccular 
(or racemose) glands. The 
secretory cells line the 
subdivisions of a tubular 
gland and the ultimate 
saccules, or acini, of a saccular gland. These glands are developed as in- 
volutions of the surface upon which they open and their epithelium is con- 
tinuous with that of this surface. In the majority of cases the glands are 
derived from the integument and are of ectod^mal origin : the glandular 
cells of the mid-intestine, however, are formed from the endodenn, and 
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I IG — Sl-CTION O* IHE iNTFGUMrNT OF THE I.AXVA 

OF (j\OruoilllA IRIPUDUHS BeRG , SHOWING SIMPI H 
riURICFILOAR GIAND 

After Keilin, 1913. 
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certsdn glancU associated with the reproductive system are stated to be 
derived from the mesoderm. 


Histologically a gland is composed of a 
layer of strretory epithelial cells which are 
provided with large and sometimes branched 
nuclei. Externally these cells are bounded 
by a membrana propria of connective tis- 
sue • internally they usually secrete a chiti- 
nous lining. In some cases the secretion of 
each gland cell is discharged through a 
minute intracellular ducteole which com- 
municates with the lumen of the gland 

(Fig. 149). 

The principal typos of glands aie dealt 
with under the following headings 

Wax Glands (Fig 150) — (ilands which 
secrete wax are moie espiciallv character- 
istic of Homoptera where they aie uni- or 
pluricellular structures distributed in vaii- 
ous parts of the integument They are 
particularly evident in the Coccidae among 
which insects they retain their simple char- 
acter 1 he wax is secreted in the form of a 
powdery covering, as a clothing of threads, 
or as thin lamellae Chini'se white wax, 
which was formcily a commercial product, 




i 


Fig. 149 — Semi-diagrammatic 
Section oi an \cinus of ihe 
Pygidial Gland of a Cara did 

{PTEROStnitl s) 

e I liitinous lining , d lumen of durt ; dt, 
dmtocle, e, ciithdnl lining of duct 'lud e 
uf Klims, pc, (.liiid nils mp membrana 
propri 1 ^Itidtid zone Hast d on Dicrckx, 
la ( ellule, 16 

is secreted by the Coccid 
Ertccrub pe-la Wax glands 
are also frequent among 
Aphidida; and, in Erisoma 
lanigcm, the wax is exuded 
both in a powdciy and a 
filamentous condition In 



Fig. 150 — ^Wax Gi^nds 

A, Section of a portion of a wax plate of a worker hive bee with 
gland cells {after Di eylmgl b, Sui face v icw of a wax plate of F rwwrna 
wnipara (apterous vnip lemalc) c, Section of a wax cell of the same 
showing wax chamber w {after Baker) d, Surface view of a portion of 
a wax plate of Pkromnxa ntargtnella e, Wax cells of the latter veo 
in section After Biignion and Popoff 


the latter case it is dis- 
charged through plates com- 
posed of a ring or an aggre- 
gation of several large cells, 
each cell containing a cen- 
tral excavation, or wax 
chamber, within which the 
secretion accumulates (Fig. 
1500). In the Fulgorid 
Phromnia margineUa Bug- 
nion and Popoff (1907) have 
shown that the dense cloth- 
ing of waxy filaments which 
covers the nymphs is secre- 
ted by groups of unicellular 
glands composed of greatly 
elongated hypodermal cells 
(Fig i5oe). Overlying 
each group of cells is a 


chitinous plate studded with small pores which are the openings of the 
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separate gland cdls. The larvae of some CocdnelUdae and of a spedea of 
Selandria (Tenthredinidse) are invested with a mass of floccolent material 
believed to be of wax The wax glands of the hive bee are alluded to under 
Hsmenoptera (vide Dreyling, 1903-05). 

Lac Glands.— Lac is secreted by certain Coccidae and, in particular, 
by Tachardta lacca, Gascardta madagascarensis and by some species of 
Coccus. The first mentioned insect yields the lac of commerce, which is 
a resinous substance produc ed in large quantities by the female insect as 
a protective covering The lac is a pioduct of gland cells distributed in 
the integument Chemically it consists very largely of resin together with 
colouring matter, wax, proteids and small amounts of other substances. 
It is noteworthy that Tachardta lacca flourishes best on trees containing 
gums or resins, or which aio rich in certain kinds of latex, and the food- 
plant influences the colour and quantity of the lac produced (vide Imms 
and Chatterjee, 1915). l 

Exuvial Glands. — In some insects theie are specially enlarged hj 

deimal cells which secrete a fluid that faidli- 
tates the process of eedysis (vide p 194), s^ch 
iclls being known as exuvial glands In 
larva of Bomhyx mori Verson and Bisson 
scribe 15 paiis of unicellular glands of 
kind of which there are two paiis in each 
thoiacic segment, a pair on each abdominal 
segment fiom the ist to the 7th, and two pairs 
on the 8th segment In addition to other 
lepidopterous larvae Plotnikov (1904) has found 
exuvial glands in larval Coleoptera, Tenth- 
redinida: and Chrysopidae they have also been 
described by Philiptschenko (1907) in Collem- 
bola 

Glands Associated vrith the Guticular 
Appendages. — Under this category are vari- 
ous glands associated with speciahzed setae or 
scales and their secretions exhibit urticatmg, 
allunng, or adhesive properties 

Tlie urticating setae of inainy lepidopterous 
laivn are often grouped together on tubercles 
or processes of the body-wall. Each seta is 
commonly provided with a unicellular gland at its base, in addition to the 
usual trichogenous cell (Fig 151) in some species (e g Lagoa ertspata) there 
is a group of gland cells associated with each seta The setae are sharp 
and brittle and their cavities are filled with an urticating secretion. When 
a Iqrva is handled such setae are readily fractured, and their contained 
secretion often produces a cutaneous irritation, not unhke that caused by 
nettles 

On the wings of many male Lepidoptera there are peculiarly shaped 
scales known as androconta which arc either distributed among the ordinary 
scales, or located in restricted patches The characteristic odours of cer- 
tain male butterflies appear to be produced by gland cells situated at the 
bases of the androconia, the latter functioning as organs for the outlet 
and dissemination of the secretion. The odours are believed to be of an 
alluring ^ nature attractive to the opposite sex Groups of odoriferous 
gland cells are often present in various other situations where they are 
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asaockt«ii with tufts df setss or scales (IQig, X902). Thus, iu the males 
of Hepiahts heetus (Fig. 152) the hind tibiae are curioudy swollen and 
bear patches of long clavate or cylindrical scales whose bases are connected 
with large gland cells (Deegener, 1902). In other male Lepidoptera th^ 
are either present at the base of the abdomen {Acheroniia atropos, Sphinx 
ligustri, etc.) or at the apex of that region (Danainae). Freiling (1909) 
has described odoriferous scales on the wings of both sexes of Adopaa 
lineola and Acipiiilia penladactyla : tufts of specialized scales or hairs 
in association with the genitalia in the females of Gonepteryx rhamni, Stilpno- 
tia salicis and Thaumatopaa pinivora : and lateral saccules between the 
8th and 9th abdominal segments in Bombyx mori (female). 

Adhesive secretions are associated with the tenent hairs of Collembola, 
and the hairs clothing the ventral aspect of the tarsi, pulvilU, and arolia 
of many insects (Figs. 22, and 24, B), which enable them to walk up vertical 
surfaces, and on the undersides of various objects (vide Dewitz, 1884, 
1885). 

The aromatic secretions of various symphiline Coleoptera, living in the 
nests of ants or termites, are produced by dermal glands situated at the 
bases of tufts of hairs located in various regions of the integument. 

General Segmental Glands. 

— In some larval insects meta- 
meric cutaneous glands are pre- 
sent on all or most of the seg- 
ments of the thorax and abdomen 
(Figs. 147, 148). Among Tipulidie 
they are well exhibited in the 
larva of Gnophomyia where there 
is a dorsal and ventral pair of 
simple saccular glands in each 
trunk segment ; in several other 
genera these glands are simple cell 
aggregates whose secretion is 
discharged by means of intracel- 
lular ductules through a common 
pore (vide Keilin, 1913). In 
the larva of Ocypus olens Georgevitsch (1898) has described a pair of 
branched tubular glands in the head, and in each trunk segment, above 
the spiracles. A pair of dorsal glands is present in each segment of 
the larva of Melasotna populi (Berlese) and Telephorus Utwatus (Pa3me) : 
segmental glands also occur in certain larval Tenthredinidae. The 
function of these organs is obscure. In Tipulid larvae living in d^ 
dead wood, they probably serve to keep the integument moist t in 
those living in mud, etc., they serve to protect the organism atgainst 
£isph3odation when submerged. In coleopterous larvae, and those of the 
Tenthredinidae, they au:e stated to render the insects distasteful to their 
enemies. 

Mandibular Glands.— Glands opening near the articulations of the 
mandibles aure present in most lepidopterous larvae, and in some species 
they are of large size (Fig. 153) ; they function as salivary glands, the 
true salivary glands being devoted to the secretion of silk. In the larva 

Sdara they attain a great development and extend nearly the whole 
leng^'of the body. Mandibular glands are also present in the hive bee 
and other adult Hymenoptera. 



Fig 152. — ^Transversf Section of the Distal 
Pari of the Hind Tibia of 
jBLvTva (Male). 

b, blood space , c, cuticle ; d, connective tissue sheath | 
gCf gland cclU, H, hypodennib , n, central, *>1, penpheni 
nude I of gland cell, s, scent scale AfUr Deegener, igoi. 
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Maxillary Glands. Glands belonging to tbo ttAXlUdty Itagtnent an* 
sometimes present. They are found for example m Protura 

in the larviE of Neuroptera Plampennia and of certain Tnchoptera. 
Labial Glands.— These organs are commonly known as saliv<uv 
glands which are paired structures, generally situ 
ated in the thoiax, on either side of the fore-in 
testine. Their ducts combine to form a median 
salivary duct which opens on the labium, usually 
near the base of the hypopharynx. In many' in. 
sects the ducts of the salivary glands posse 
laenidia in their chitinous lining, and bear a close 
resemblance to tiacheac Although these glands 
appear to be often wanting in Coleoptera, they are 
present in the majority of insects and assume a 
great variety of form and structure. Among 
Orthoptera they are commonly very larg^ and 
composed of a number of lobes, each lobe consisting 
of groups of glandular acini : a salivary reservoir is 
also present in rebition with each gland (Fig, 154). 
In Hemiptera the salivary glands are differentiated 
to form two or three pairs, all of wliich discharge 
into the median salivary duct. In adult Lepidop- 
tera the salivary glands form hlamentous tubes. 
Among the majoiity of Diptcua they are likewise 
tubular organs which, in the Muscidre, may con- 
siderably exceed the total length of the body. 
Among if)mienopteia salivary glands are extremely 
well developed and assume great complexity. In 
the liiye bee the true salivary glands consist of 
two pairs of racemose organs, one pair being cephalic 
and the other thoracic in position, and their four 
. common canal. Under the category of salivary 
glands are also riicluded the lateral and ventral pharyngeal glands and 
two pairs of mandibular glands found m this same insect 
Comparatively 
little is known 
relative to the 
functions of the 
salivary glands. 

In some in.sects 
they have the 
proj^rty of con- 
verting starchy 
matter into 
assimilable glu- 
cose, In many 
blood-sucking in- 
sects the saliva 
possesses poison- 
ous or irritant 

properties and in some Diptera, Cornwall and Patton (1914) have detected 
a powerful ^ticoagulrn The exact means by which th? frequent lo <3 
imtation of the skm of the host is produced is stUl in doubt In certS 


Fig 153 -Right Man- 
dibular GiAND (g) Oh 
THE Larva oi Atuhh- 

OSTiA AIROPOS, 

m, mandible and its addtKtoi 
muscle a, 0, txUujdl apt 1 tint 
oi gland ^J/erB(ndd>>fAtifi i>a 
Nat Aool , 1910. 

ducts unite to form s 



Fio 154 — Right Salivary Gi,and and Reser- 
voir OF PiJui‘iAM/A The arrow marks the 
opening of the common salivary duct on 
the popharyrix. 

After Midll and Denny, 



Cap^ Smitli (X920) }m fhanm that tibe sa£va has S ioxte 

action upon plant tissues. 

SUk Glands.— -In leindopteroTls and trichopterous larvae the labial 
glands are transformed into organs for producing the silk utilized in the 
formation of the larval shdters and cocoons. The silk glands are cylin- 
drical tubular organs of exceedingly variable length with characteristically 
branched nucld (Fig 155) The formation of silk has attracted the atten- 
tion of a number of workers whose conclusions are summarized by Taiudca 
(1911) The silk is secreted in the form of a filament composed of fibroin, 
which is coated with a glutinous substance, sericin, formed by the trans- 
formation of the outer layer of the fibroin when the latter is oxidized and 
combined with molecules of water In the larvae of the Carabid LeUa 






scapulari’;, and of the Neuroptera Planipennia, silk is produced as a secre- 
tion of the Malpighian tubes among Embiop- 
tera it is secreted by dermal glands atuated 
in the anterior tarsi ^ 

The Frontal Gland. — This is a median 
unpaired gland, peculiar to termites, and situ- 
ated beneath the dorsal integument of the 
head, where it frequently opens by means of 
a frontal pore 

Thoracic Glands. — Dorsal thoracic glands 
are represented by the osmetena of larval 
Papilionidai, which are eversible repugnatorial 
organs, and the metanotal gland of the male 
(Ecanihus which has an alluring function 
attractive to the female Ventral thoracic 
glands are exemplified by the prothoracic 
glands of various lepidopteioiis larvie, the 
odonfcious sternal glands of many Heterop- 
tera, and Gilson s glands of laiv.d Inchoptcra. 

These and other thoracic glands are further 
alluded to in the chapters deahng with the a i 
orders concerned Fio 155 — Sections or Silk 

Abdominal Glands.— Under the category <.iani> of the Larva or 
of abdominal glands arc the repugnatorial SouBix mobi 

s J r • 1 A A longitudinil , B ladial b b-ise- 

glands of many insects Among the Blattidse ment numbrdnr > chitmous mtinu, 
they are frequently jxiuch-hke invaginations 
of either the sterna or terga In the 

nymphs of many Heteroptera they open on to the terga of the anterior 
segments, and in Cttnex they are present in the adult Among Coleoptera, 
pygidial glands which open near the anus are frequent, particularly 
in the Adephaga. They are often of complex structure and their secre- 
tion has pungent or corrosive properties Among lepidopterous kurvae 
eversible repugnatonal glands are present on the 6th and 7th segments 
in the Lymantnidae and permanently everted lateral segmental glands 
occur in the Megalopygidae Dorsal eversible glands are present in many 
larval LycaenidiC and yield a secretion attractive to ants 

Glands Associated with the Reproductive System— These include 
the colleteiial glands of the female and the accessory glands of the male 
(vide pp 156, 160) 

Poison Glands.- These organs are peculiar to Hymenoptera, where 
they are associated with the ovipositor or sting. 


Fig 155 — Sections of Sile 

(jI ani> of the Larva of 

BoMBJ X MOJtl 

A longitudinil, ^ ladial h bise- 
men! mumbrane 1 chitiiums mtima, 
ghnd cf*ll with Irincbtrd nudeua 
From 1 olsom after Helm 
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The literature on the glands of insects is very extensive and only a 
small number of the references are quoted below. Further literature is given under 
the various orrlers of insects and more extensive bibliographies will be found in the 
textbooks of Packard, I3eilese, and Schroder, 

BLANC» 1899.-£tude sur la secretion de la soie et la structure du fein et 
de la have dans le Bomhvx mon, lyon. BORD AS .-Numerous Papers on the 
Salivary, Poison and other Glands from 1803 onwards. BUGNION and POPOPP, 
1907 .-Les glandes cirieies de Plata margtfiella^ Bull. Soc. Vaud. 43. CORNWALL 
and PATTON, 1914.- Some observations on the Salivary Secretion of the commoner 
Blood-sucking Insects and Ticks, Ind. Journ. Med. Res., 2. DAHL, 1885.-Die 
Fussdruse dor Inscktcn. Anh tmer. Anat 25 (also Dewitz, Ibid. 26). D££G£N£R, 
1902.-Das Dultorgan von Hepialus hectus L, Zeits wtss. Zool. 71. D£WITZ, 1884, 
I885.-Vide p. 32. DREYLING, 1903, 1904.-t)bcr die wachsbereitenden Organe der 

Honigbiene, Zool. Anz. 26, 27. 1905.- Die wachsbereitenden Organe bei den 

geselliglebenden Bienen. Zool Jahrb. Anat. 22 . FREILING, I909.-Duftorgane der 
weibluhen Schmctterlinge. Zeits. wiss. Zool. 92. GEORGEVITSCH, 189a.-Die 
Scgmentaldi usen von Ocypus. Zool. Anz. 21. GILSON, 1890, 1893.-Rechcllrches 
sur les cellules secictantes. La Cellule, 6 , 10 HOFER, 1887 .-Untersuchun gen mber 
den Bau der Speiclieldrusen . . . von Blatta. Nov. Act. Kats. Leop. Acad\ 51. 
HOLMGREN, 1896.-I)ie haarbildenden Hautdrusen bei Raupen. Ent. Ttd$k}\^y. 
ILLIG, 1902,-Duftorgcine der mannlichen Schmetterlinge. Zoologica. 37 . JANjBT, 
1898.-Systeme glandulaire t6gumentaire de la Myrmtca rubra. Paris. KEILj^N, 
I913.-Sur diverses glandes des laives de Dipt^res. Arch. Zool. Exp 52, KLEMEN* 
SIEWICZ, 1882.-Zur naheren Kenntnis der Hautdrusen bei den Raupen und bei 
Malachtus. Verh. zoo. hot, Ges. \V%cn. 32. MARSHALL, W. S. and VORHIES, 
I906.-Cyol()gical Studies on the Spmmng Glands of Platvphylax destgnatus, Walker. 
Intern, Monat Anat u. Phys. 23. MATHESON and RUGGLES, 1907 .-The Structure 
of the Silk Glands of Apanteles glomeratus L. Amer Nat 41. OETTINGER, 1906.- 
Uber die Drusentasdicn am Abdomen von Penplaneta onentahs und Phyllodromta 
germamca Zool Anz 30 PHILIPTSCHENKO, 1907. Videp 129. PLOTNIKOV, 
1904.-tJbei die Hautuiig und uber einige hlemente der Haut bei den Insekten. Zetis 
mss. Zool, 76. SIMMP^RMACUER, 1884 .-Unters uchuii gen uber Haftapparate an 
Tarsalgleidein von Insekten ZaU /ool 40 TANAKA, 19 11. -Studies on the 
Anatomy and Physiology of the Silk-producing Insects Journ Coll Agric. Tohoku. 
Vniv 4. VALLL, 1900. Hot here hes sur les (xlandes des Diptdies Th^se. Paris. 
VERSON and BISSON, 1891. -Cellule glandulari ipostigmatiche nel Bombyx wort. 
Bull Ent, Ital 23. 



THE REPRODUCTIVE SYSTEM 


T he form and stmcture of the reproductive organs present a very 
wide range of variation in different insects. In their embryonic 
condition they are at first essentially similar in the male and 
female, becoming differentiated later in development. Among the more 
primitive orders (Fig. 156) much of this similarity is still evident but an 
increasing divergence in structure becomes noticeable in the higher groups. 
The paired gonoducts, leading from the ovaries or testes as the case may 
be, are of mesodermal origin and in a few insects they 
open directly to the exterior by separate apertures. 

TThis archaic condition is exhibited among Ephe- 
mcroptera as well as in the immature Lepisma and 
in the males of the earwig Labidura : in the latter 
insect the aedeagus (vide p. 256) is also double. In 
other Dermaptera one gonoduct atrophies or only a 
rudiment of it persists. Among the vast majority of 
insects the gonoducts do not open directly to the 
exterior but join a median passage formed as a chitin- 
lined invagination of the ventral body-wall. In the 
Thysanura, Plecoptera and Odonata this passage is 
little more than a deep cup-like pit : in most other 
orders it becomes extended inwards in the form of a 
tube and in this manner the vagina in the female and 
ejaculatory duct in the male are developed. In some 
Coleoptera the median ectodermal passage gives oft 
paired distal outgrowths and the two tubes, thus formed, 
unite with the paired mesodermal ducts already men- 
tioned. 

The genital aperture is usually situated on the 8th 
or 9th abdominal sternum or between the 8th and 9th or 9th and loth 
sterna: its segmental position, however, frequently differs in the two 
sexes of the same species and in difterent orders. 

The sexual organs, and their counterparts in the male and female, may 
be tabulated as below. 



Fig 156— Gonads or 
A Young LMPUut 
(Masodarmal Por- 
tions only). 

female, B, male The 
numerals refer to the ab- 
donuiial segments Adapted 
from Grasst, 1887. 


MALE REPRODUCTIVE ORGANS 

1. Paired testes composed of follicles 

(testicular tubes) 

2. Paired vasa deferentia 

3. Vesiculx seminales 

4 - Median ejaculatory duct 
5. Accessory glands : 

(a) Mesadenia 
^ (6) Ectadenia 

7. Genitalk 


FEMALE REPRODUCTIVE ORGANS 

Paired ovaries composed of ovarioles 
(ovarian tubes) 

Paned oviducts 
Egg-calytes 
Median vagina 
Accessory glands: 

(a) 

{b) Colleterial glands 
Spermatheca 
Bursa copulatrix 
Ovipositor 
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The sexes of insects are separate or it is only very rarely that herma- 
phroditism is present as a normal condition (vide p. i66). Another phmo- 
menon, known as gytiundfoworphistn, is often confused with hermaphroditism 
and occurs abnormally in various insects, especially Lepidoptera, where 
several thousands of examples have been recorded. Gynandromorphs are 
sex mosaics which exliibit on one side of the body all the characters, shape 

and colour of one sex and on the other side 



Fig 157 “ (jYNANnROMORPII OF 
Bvmm Pi VI ARIA Kioin 

sinr Mau-, Left side 
Femai l 

After D/iur/jn’^Ki, Derhn Fnt Zetts 
19x2. 


those of the opposite sex (Fig. 157). The male 
and female parts lie adjacent and equivalent 
to each other and are present simultaneously 
during development. More rarely gynandro- 
morphs are antero-posterior in type, or even 
a more complex type of mosaic may result. 
Other tetralogical types of individuals known 
as intersexes also occur which exhibit various 
blending of the male and female characters. 
Each individual develops initially as a inale 
(or female) up to a certain time point.) A 
change over then occurs and the development 


continues as an individual of the opposite sex The earlier the change oypr 
takes place the more pronounced is the degree of intersexuality produced. 
In a few words, a gynandrf)morj)h is a sex mosaic in space and an intersex 


is a sex mosaic in time. For a discussion of the causal factors involved 


vide Goldschmidt (i()23). 


1 . The Male Reproductive Organs (Figs. 158-160) 

The Testes. — 'Ihe testes in most Apterygota closely re.scmble the 
ovaries in form and si/e but in the majority of in.sects they aie much smaller 
than the organs of the female of the same species. They are variably 
situated in relation to the alimentary canal and in some cases they lie 
above the latter, in othcis they are placed at the sides of the gut or wholly 
ventral to it. The testes are maintained in position by the surrounding 
fat-body and trachea: and, unlike the ovaries, there are no suspensory 
filaments or the latter arc only very slightly developed. As a general rule, 
each testis is a more or less ovoid body composed of a variable number of 
follicles or lobes which also present almost innumerable variations in form 
and arrangement among different insects. In Lepisma there are three 
or four bi-lobed follicles which exhibit a segmental disposition but in most 
Apterygota each testis is a simple sac or greatly enlarged follicle. Among 
Neuroptera and Diptera the testes are small and unifollicular : in Pedicuhts 
and Phthirius they are bifoUicular, and in the Orthoptera the follicles 
are exceedingly numerous. They may be short and globular as in PeH~ 
plancta and Tetrix, or elongate and tubular as in (Edipoda. In the Anoplura, 
also in Melolotitha and certain other Coleoptera, each follicle is connected 
with the vas deferens by a slender tube or vas efferens. In many insects 
the peritoneal investment of the follicles is developed to the extent of 
enveloping the testis as a whole in a common coat or scrotum which is 
frequently pigmented. Among the majority of Lepidoptera, also in GryVUh 
talpa and certain Hymenoptcra, the testes are in close contact along the 
median line and are enclosed in a single scrotum. 

The Structure of a Testicular Follicle. — ^The testicular follicles are 
lined with a layer of epithelium, whose cells rest externally upon a basement 
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membrane, outside of which there is a peritoneal coat of connective tissue. 
Each follicle is divided into a series of 


zones characterized by the presence of 
the sex cells in different stages of 
development, corresponding to the 
successive generations of these cells, 
'fhese zones are as foUovre — 

(1) The gertnarium is the region 
containing the primordial germ cells 
or spermatogonia which undergo mul- 
tiplication. 

(2) The zone of growth is where the 
spermatogonia increase in size and 
develop into spermatocytes of the first 
and second orders. 

(3) The zone of division and reduc- 
tion where the spermatocytes undergo 
mitosis and give rise to spermatids. 

(4) The zone of transformation 
where the spermatids become trans- 
formed into .spermatozoa. 



Fig. 158— Male Reproductive Organs 
OF PRHiPhANurA, Ventral View. 
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In addition to the sex cells there are found in Lepidoptera, and some 



other insects, certain large 
elements known as Verson’s 
cells. The function of these 
cells has received diverse in- 
terpretations, some authori- 
ties regarding them as con- 
tributing to the nutrition of 
the germ cells. 

The Genital Ducts. — 
The vasa deferentia arc the 
])aired canals leading from 
the testes and are wholly 
mesodermal in origin. They 
vary greatly in length and, 
in the majority of insects, 
each vas deferens becomes 
enlarged along its course to 
form a sac or vesietda semi- 
nalis in which the sperma- 
tozoa congregate : in some 
of the Diptera the vasa 
deferentia open into a com- 
mon vesicula seminalis. 
Histologically the vas de- 
ferens consists of an outer 
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peritoneal coat, a middle 
coat of muscle fibres, and an 
inner coat of epithelial cells. 
Posteriorly, the vasa defer- 


entia imite to form a short common canal which is continuous with a 


median ectodermal tube or ejaculatory duct. The latter is provided with 
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a powerful muscnkiir Coat conaating of 
an outer layer of circular fibres and 
an inner layer of longitudinal fibres. 
Within the muscle layers is a stratum 
of epithelial cells which secrete a 
chitinous lining to the lumen of the 
ejaculatory duct. 

The yEdeagus. — Tlie terminal sec- 
tion of the ejaculatory duct is enclosed 
a finger-like evagination of the 
ventral body-wall which 
forms the male intromit- 
tent organ or tsdeagus 
(often incorrectly termed 
the penis). The strudture 
of the Bedeagus (Fig. Ii6i) 
has been chiefly stumed 
by Sharp and Muir\ in 
Coleoptera where it\ is 
developed as a medium 
tubular evagination of the 
membrane between the 
9th and loth sterna. It 
is divisible into a proximal 
portion (tegmen), which 
unites it to the abdomen, 
and a distal portion 
(median lobe) which cor- 
responds to a penis. The 


latter region is telescoped or re- 
tracted within the proximal por- 
tion when at rest. Both portions 
are usually strengthened with 
chitinous sclerites. The region of 
the Bedeagus, which completely 
enters the vagina of the female 
during coitus, is the enlarged 
terminal portion of the ejaculatory 
duct (internal sac), which becomes 
everted in the process (Fig A). 
At its apex is situated the genital 
aperture and around the latter 
there is frequently an armature 
of denticles and papillae. 

The Accessory Glands. — 
From one to three pairs of acces- 
sory glands are usually present in 
relation with the genital ducts 
(vide Escherich 1894 : Blatter 
1897). They are tubular or sac- 
like in form, but very little infor- 
mation exists with regard to their 
functions. In most cases their 




Fig 161. —Diagram of the /Bdbacus of a 
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secretion^ mix with the spennatozoa and in some insects they are dhrectlycott* 
cemed with the formatiott of the spermatophores. According to Beauregard 
the secretion of the 3rd pair of accessory glands in Lytia vesicatoria is ex- 
tremely rich in cantharidin. Escherich divides the accessory glands into 
two categories : (i) tnesadenia, or those derived from the mesoderm, and 
formed as evaginations of the vasa deferentia : and (2) ectadenia, or those 
of ectodermal origin, and formed as evaginations of the ejaculatory duct 
(Fig. 160). This classification may be adopted as a convenient one, but 
due reservation needs to be made on account of the paucity of knowledge 
concerning the development of these organs. Escherich’s observations 
relate to Colcoptera and among these insects ectadenia are generally present. 
In the Adephaga they constitute the only pair of accessory glands while 
among the Polyphaga one or more pairs of mesadenia are also present. 
Among Orthoptera the accessory glands are very greatly developed, forming 
dense bunches of tubuli which, in Periplaneta, form the “ mushroom-shaped 
gland” of Huxley. The accessory glands are wanting in some insects, 
including the Apterygota, and Musca, Tabanus, etc., among Diptera. 

2. The Female Reproductive Organs (Figs. 162-164) 

The Ovaries. — ^The ovaries are typically more or less compact bodies 
lying in the body-cavity of the abdomen on cither side of the alimentary 
canal. Each organ is composed of a variable number of separate ejjg- 
tubes or ovarioles which open into the oviduct. The primitive number 
of ovarioles composing an ovary is uncertain and probably docs not exceed 
eight, the latter number being retained in Periplaneta, for example, among 
Orthoptera. In some Thysanura 
{Japyx, Campodea and Leptsma) 
there are 5-7 ovarioles on each side 
which open one behind the other in 
metameric succession int o an elongate 
oviduct. In other insects this meta- 
meric dispo.sition has become lost 
owing to the shortening of the ovi- 
ducts. Specialization either by the 
reduction or the multiplication of the 
ovarioles is extremely frequent. In 
insects which produce a small 
number of relatively large eggs such 
as the viviparous Diptera Glossina 
and Temiitoxenia there is a single 
ovariole to each ovary. In certain 
of the Aphidid8B,in the sexual female 
there is a single ovary with one 
ovanole, the other ovary having atro- ; cc, coUotouu gbnd Afo, muu aa 

phied. Two ovarioles arc present in 
each ovary of Melophagm, Hippo- 

bosca, and certain Coleoptera and Hymenoptera ; among Lepidoptera there 
are commonly four. Examples of specialization by multiplication are much 
more frequent. Thus in CaUiphora and Hypodenna there are 100 or more 
ovarioles to an ovary ; in some ants there are over 200 ; in MelM they 
are even more numerous while the maximum number is attained in the 
Isoptera where among species of Tennes it exceeds 2,400, Jn a few appar- 
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ently anomalous instances ovarioles are 'wanting and the ovaries are more 
or less sac-like without any serial arrangement of the developing eggs. 
Such ovaries are well exhibited among CoUembola. In ChironofM*s^ 



Fig 163 — rpMATi Hiprodikhvl Organs of 
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ovariole is a delicate transparent mem- 
brane : its inner coat is a layei of 
epithelium whose cells test upon a base- 
ment membrane or tunica iiropri<i : 
outside the latter is a peritoneal coat 
of connective tissue which, in many 
insects, contains a reticulum of muscle 
fibres. 

Three zones or regions are recog- 
nizable in an ovariole (Fig. 165) — (i) 
The ternunal filament. This is tlie 
slender thread-like apical jirolongation 
of the peritoneal layer. The filaments 
of the ovarioles of one ovary combine 
to form a common thread which unites 
with that from the ovary of the oppo- 
site side to form a median ligament. 
The Litter aids in maintaining the 
ovnries in position and is attached 
either to the body-wall, the fat-body 
or to the peiicar^al diaphragm. In 
some insects the ovaiian ligament is 
wanting and the filaments end free in 
the body-cavity, (z) The gennanum. 
This forms the apex of an ovariole, 
below the terminjd filament, and con- 


Anopheles and some Braconidae 
(Aphidius) although there is an 
e'vident differentiation into fol- 
licles ovarioles are wanting : this 
is a secondary and highly modi- 
fied condition (vide Henneguy). 

The Ovarioles . — A t37pical 
ovariole is an elongate tube in 
which the developing eggs are 
dispo.sed one behind the other in 
a single chain, the oldest oocytes 
being situated nearest the union 
with the oviduct. The wall qf an 
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sists of a mass of cells from which 


are differentiated the primordial germ cells and, in many insects, the 
nutritive cells also. (3) The vtteUanwn. The vitellarium constitutes the 
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major portion of an ovariole and contains the developing eggb and the 
nutritive cells when present. The epithelial layer of the wall of the 
viteUarinm grows inwards in such a manner as to enclose each oocyte in 
a definite sac or follicle. The cells of the follicle secrete the chorion of 



Fig 165 — Schematic Figures of Three "Iypes oi* Ovarioies. 

A, panoistic B, poh trophic C, acrotrophic /, terminal filament p Kcimarium , 0, ootyteg, o', mature oocyte 
with tool ion , n, nutritive cells, n, remains of same, w, wall of o\ ancle , fe, loliicular epithelium , c, cord joining 
nutntive cells with oocyte 

the egg and in some cases serve to nourish the oocytes. Three principal 
types of ovarioies are recognized and are based upon the presence or 
absence of nutritive (or vitellogenous) cells and on the location of these 
cells when present (Fig. 165). 

(a) Tlie panoisHc type — Nutntive cells are wanting. This type of ovariole u 
primitive and is found in Japyx, the Orthoptera, Isoptera, Odonata and Aphaniptera. 
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{b) The polytrophie Nutritive cdls are preseat aad alternate with the 
aoc)rtes. In many cases (Neuioptera, Coleoptera-Adcphaga and Hymeaoptera) 
nutritive cells are grouped together so as to lie in cumbers, each chambw being 
separated from that containing an oocyte by a well-marked constriction ; in others 
(Lepidoptera, Diptcra) these constrictions are wanting. 

(c) The acrotrophic type. — Nutritive cells are present and situated at the apices 
of the o>^oles (Coleoptera-Polyphaga and Homiptera). In certain Heteroptera 
the nutritive cells are connected with the oocytes by means of protoplasmic cords. 

Types (6) and (c) are often grouped as one type — meroistic, which is characterized 
by the presence of nutritive cells. 

The Genital Ducts. — The oviducis are the paired canals leading from 
the ovaries and are derived from the mesoderm of the hinder extremities 
of the embryonic gonads. The two oviducts combine to form a common 
oviduct and the latter is continuous posteriorly with a somewhat wider 
passage or vagina : in many insects however there is no external distinction 
between the two regions but the vagina differs morphologically in that it 
is an invagination of the body wall. In some Coleoptera, especially lUiyn- 
chophora, so-caUcd egg-calyces or corpora lutca develop as outgrowth^ of 
the oviducts (Fig. 164). They do not attain their full development imtil 
after fertilization and their function in relation to the eggs is obscure. 
According to Buchner they are developed in connection with symbiotic 
microorganisms. In certain viviparous insects {Glossina, Mehphagus, etc.) 
the vagina is greatly enlarged to form a chamber or uterus for the reception 
of the developing larva. Structurally the oviducts and vagina are composed 
of an epithelial layer whose cells secrete an inner lining : in the case of 
the vagina the lining is composed of chitin and is continuous with the 
cuticle of the body wall. The epithelial layer rests upon a basement mem- 
brane and outside the latter is a coat of powerful^ and mainly circulalr 
muscle fibres. 

The Spermatheca {receptaculum seminis ). — ^This is a pouch or sac 
for the reception and storage of the spermatozoa. It varies greatly in 
form and usually opens by a duct (often reduced to a mere neck) into the 
dorsal wall of the vagina or into the bursa copulatrix. In many insects 
pairing only takes place once and, since the maturation of the eggs may 
extend over a prolonged period, the provision of a spermatheca allows 
for their fertilization from time to time. Although commonly ovoid or 
spherical in form, in some cases (certain Coleoptera) it is tubular, or even 
branched as in Paederus. As a rule the spermatheca is a single organ but 
in Blaps, Phlebotomus and Dacus there are two spermathecae and in Culex, 
the Tabanidae and most Cal3TJterae three. Since it is derived from the 
ectoderm the spermatheca is lined with cuticle which is sometimes darkly 
or brightly coloured. A stratum of columnar epithelium rests upon a 
basement membrane which is followed by a muscular coat. In some cases 
glacndular cells are present in the wall of the spermatheca and in othem a 
special spermathecal gland ojiens into the duct of the spermatheca, or near 
the aperture of the latter into the vagina. 

The Colleterial Glands. — One or two pairs of accessory glands are 
present in most insects and open into the distal portion of the vagina. 
These are variously known as colleterial or sebific glands and are very 
large and important organs in many of the Orthoptera. In these insects 
they provide the material for the formation of the ootheca : in Chironomus 
they secrete a mucus-like substance which forms the gelatinous investment 
of the eggs, and in other cases they simply provide a cement-like secretion 
which serves to fasten the eggs down to the substratum upon which they 
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are lai4« The t>oi9on glands of Hymenoptera belong morpholbgically to 
the same category as the coUeteiid glands. 

The Bursa Copulatrix. — ^The organ to which this name has been 
applied exists in several morphologicaUy different forms. It is adapted to 
receive the penis and associated parts during copulation, the spermatozoa 
being discharged into it before entering the spemiatheca. In Periplaneta 
the bursa is formed by the invagination of the body wall around the genital 
aperture and consequently receives the latter anteriorly. In Odonata 
the oviduct opens directly into a chamber which has be<‘n termed the 
burs and also functions as a spermathcca. In the honey-bee the enlarged 
posterior region of the vagina is known by the same name. In MelamfAus 
and the Lepidoptera the bursa has a distinct external opening separate 
from that of the vagina. In the first mentioned instance there is no con- 
nection between the two and the eggs, as they arc extruded, pass across 
the opening of the bursa where they are fertilized. Among Lepidoptera 
a fine canal connects the bursa with the vagina. In Coleoptera the b^irsa 
is a pouch-like outgrowth of the vagina and in some species it receives 
the duct of the spcnnatheca. 


3. The Sex Cells 

The Spermatozoa. — ^The spermatozoa of insects exhibit the same 
essential structure that obtains with few e.xceptions in similar cells through- 
out the animal kingdom. A spermatozoon consi.sts of a head largely made 
up of chromatin, a middle piece and a vibratile tail of variable and often 
complex structure (vi<le Ballowitz, 1890). 

In some insects (Gryllidae, Locustida;, Odonata and certain Lepidoptera) 
the spermatozoa are transferred to the genital passage of the female in 
a common mass enclosed in a definite envelope, the whole being known 
as a spermatophore. In Gryllus campestris the spermatophore is a complex 
body about 4 mm. long, bearing crochets which ensure its retention within 
the female. 

The Eggs. — When the egg of an insect is mature its protoplasm con- 
tains abundant yolk or vitellus which serves to nourish the developing 
embryo. This material is composed of globules of fat and protein which 
largely conceal the nucleus or germinal vesicle. The egg is invested by a 
delicate homogeneous vitdline membrane derived from the peripheral proto- 
plasm of the cell. Outside this covering a hardened shell or chorion is 
secreted by the follicular epithelium. The chorion is generally composed 
of two laminae, an exochorion and an endochorion, which are united by 
minute trabeculae. In many endoparasitic Hymenoptera the chorion is 
thin and membranous, and capable of stretching to a considerable degree 
with the growth of the contained embryo. Among many viviparous insects 
it is either rudimentary or wanting. The chemical nature of the choron 
has been investigated by Verson with reference to the eggs of Bombyx 
mori. Unlike clutin it contains sulphur and upwards of 17 per cent, of 
nitrogen : at a temperature of 45° C. it dissolves in a few hours in a 3 per 
cent, solution of KOH. 

In the greater number of insects the chorion exhibits some form of 
external sculpture : very commonly it is marked out into hexagonal areas 
which correspond with the overlying follicular cells. In the Lepidoptera 
the eg^ of many species are conspicuously ribbed and in some Ephemerqp- 
i&ask they are covered with fine processes resembling pile. The form assumed 
C.T.E.--IT 
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by the eggs presents innumerable variations (Fig. i66) : one of the com- 
monest types is the elongate-ovoid and slightly curved egg prevalent among 
Orthoptera, and in many Diptera and aculeate Hymenoptera. Among 
Lepidoptera the eggs may be almost spherical, cake-like or somewhat 
cylindrical and flattened at one end : in many parasitic Hymenoptera there 
is a tubular prolongation or pedicel. In some insects an operculum is 
formed as a special differentiation of the chorion at the anterior extremity. 
This structure is uplifted at the time of eclosion of the contained insect 
and is well seen in the Embioptera, Ctmex and other Heteroptera, and 



A, hutterfly, Poly gonta tnterrogahonis , B Mu^ca dome^ina , chalcid, Bruchophagu^ futfbri<! D Papvlw tnolus ^ 
E, midKe, Dasyneura tnfoln , F, hemipteion, Irtphleps Wttdiosm , Or, hemipteron, Podiws inacuhttntris , H, Drosophila 
ampehjphtla Gnatl> magiiihfd Aftir lolsom, 1923 

in the Anoplura. In the (Estridae, the eggs are provided with flanges which 
enable them to grasp the hairs of the host upon which they are laid. 

Owing to the impenetrable nature of the chorion, and the fact that the 
latter is formed before the egg is fertilized, some provision is necessaiy 
to enable the spermatozoa to gain admittance. One or more specialized 
pores or canals known as mtcropyles are present for this purpose, and are 
usually situated at the anterior or cephalic pole of the egg. In Phyllodromia 
there are numerous micropyles which are comparatively simple, oblique, 
wide-mouthed canals. Among Lepidoptera the micropylar area is in the 
form of an elaborate sculptured plate. In Nepa ctnerea it is provided 
with stalk-like processes, and in other Heteroptera it assumes a remarkable 
complexity of structure the significance of which is quite obscure. 


4. Types of Reproduction 

Ordinarily reproduction among insects is dependent upon the meeting 
of the two sexes and the fertilization of the ovum by the spermatozoon. 
Most insects are oviparous or, in other words, they lay eggs which hatch 
after deposition. Exceptions to the above gener^izations, however, are 
somewhat numerous and are separately dealt with below. 

Vivii»rity . — A certain number of insects produce either larvae or 
nymphs instead of laying eggs and are said to be viviparous (vide Holm- 
gren 1904 : Keilin 1916). Viviparity is due to the fact that the eggs 
are retained within the body until the end of embryonic life and the con- 
tained insect has emerged. It is found in scattered instances among 
^ Orthoptera, Dermaptera, Ephemeroptera, Lepidoptera and Coleoptera : 
in the Aphididae and a number of the Diptera it is a regular feature. In 
the latter order of insects almost every transition is exhibited between 
Species which lay a large number of small eggs from which the larvae hatch 
befioie or just at the time of oviposition (many Tachinidae), and such highly 
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specialised forms as Glossina and Mehphagus. In the two latter instances 
only a small number of eg^ are produced and each larva passes its life in 
the uterus of the female where it is nourished by a special secretion. After 
extrusion it changes almost immediately into a pupa. 

Among the Aphididae viviparity is accompanied by parthenogenesis 
and in a few other insects it is associated with paedogenesis. 

Parthenogenesis. — Parthenogenesis, or reproduction without the act 
of fertilization, exhibits a multiplicity of phases among insects that is 
unequalled in any other class of the animal Ungdom (vide Doncaster 1914, 
1920). In some species it is a comparatively rare phenomenon and only 
occurs sporadically. In others it is a constant and normal method of 
reproduction, or it may be cyclic alternating with sexual reproduction. 
It is convenient, therefore, to classify parthenogenesis under three headings. 

1. SPORADIC. — Certain species of insects ejAibit an occasional tendency 
to reproduce parthenogenetically although males are of regular occurrence. 
Such cases have been more frequently observed among Lepidoptera than 
in other orders and are more prevalent in some species than in others. 
Instances of this kind are well known in Bombyx mori, Lymantria dispar, 
Lasiocampa quercus and Smerinthus populi. Both males and females may 
be produced from the unfertilized eggs. 

2. CONSTANT. — In most insects which reproduce parthenogenetically 
the process is either a constant one or takes place with such frequency 
that it is to be regarded as a normal phenomenon of the species concerned. 
In the social Hymenoptera males are regularly produced from the unfer- 
tilized eggs and females from those which are fertilized. This same fact 
has also been observed, but very little investigated, among the parasitic 
groups of that same order, notably in a number of genera of Chalcidoidea. 
In other cases males are either unknown, or very infrequent, and repro- 
duction is consequently always or nearly always parthenogenetic. Examples 
of this kind are frequent among the Tenthredinidae. Other cases are met 
with in the Cynipid Rhodites roses ; in the Chalcids Aphelinus mytilaspidis 
and Isosoma grandis ; and in certain Phasmidae, Coccidse, Aleyro^dae, 
Psychidas and in several of the Thysanoptera. The Tenthredinidae, it may 
be mentioned, are remarkable in that among their members are found 
species that produce males only, females only, or both males and females 
by means of virgin eggs. Among the Aleyrodidae the unfertilized females 
usually give rise only to males but in Aleyrodes vaporariorum there appear 
to be two races, the virgin females of one giving rise to males and of the 
other to females (Schrader, 1920) : the fertilized females produce members 
of both sexes. 

3. CYCLIC. — In other cases one or more agamic generations alternate 
with a sexual generation. This peculiarity is exhibited among the Cynipidae, 
and the Aphididae. In the former group the individuals of the two genera- 
tions may be morphologically very different and produce very dissimilar 
galls. The spring generation consists of females which give rise to the 
summer generatiou comprising individuals of both sexes. Among the 
Aphididae there is a regular sequence of parthenogenetic generations, accom- 
panied by viviparity, in which females only are produced. Later in the 
year sexuales appear and the fertilized females lay eggs which hibernate 
and give rise to the asexual cycle of the following year. 

Paedogenesis. — In a few instances larvae or pupae are capable of 
thenogenetic reproduction and this process, which involves the production 
of young by the immature organism, is termed paedogenesis. The best 
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knovm instance of the phenomenon occnrs in the Cecidomsfiid Ui«stm 
Vrh^ it was first observ^ by Wagner in 1862. His remarkabk discovery 
has since been confirmed by a number of observers, induding Eahle (£908^ 
and Hegner (1914), and more recently by Harris and by Gabritsdievsky. 
The female fly contains only 4 or 5 very large eggs which attain nearly the 
full length of the abdomen Each egg develops into a correspondingly large 
transparent larva which produces paedogenetically from about 7 to 30 
daughter larva of similar characters to the parent. After devouring much 
of the tissues of the latter, the larva eat their way to the extenor and 
reproduce by a similar method on their own account. After the process 
has gone on for several generations of larva pupation takes place and male 
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or female flies are produced. The 
latter, after fertihzation, give rise to 
the padogenetic cycle over again. 
In Mia^tor amencana Felt, j the 
ovaries lie on either side of I the 
body of the larva m the iota or 
nth segment : each ovary contains 
typically 32 oocytes and is encloW 
m a thin cellular envelope : as some 
of the oocytes fail to develop, 
usually 5-17 embryos are found in 
an individual larva (Hegner) 

The studies of Hairis {P^clie, 
1923-24 Btol Bull 48, 1925) and 
of Gabiitschevsky (Bull Soc Ent 
Fr 1928) show that the larva of 
both Mta^for and Oltgarces are 
trimorphic They are divisible into 
(a) typical, white, padogenetic larva 
without a sternal spatula , (ft) yellow, 
padogenetic larva without a sternal 
spatula, and whose significance is 
obscure, and (c) pupa-forming 
larva, with a sternal spatula, which 
develop directly mto adult flies. It 
is noteworthy that environmental 
conditions influence the occurrence 
of these types and that only flies of 
one sex are derived from the same 
individual larva 


Pupal pdedogencsis occurs in the Chironomid Tanyiarsus where it was 
discovered by Grimm in 1870, whose observations have been extended by 
Zavrd The pupa, and also the imagines very shortly after emergence, are 
capable of pioducmg eggs from which larva duly emerge Padogenesis 
is also recorded by Barber in larva of the beetle MteromaUhus 

Polyembryony.— Polyembryony is the production of two or more 
embryos from a single egg by gemmation This process is only known in 
a few groups of ammals and, among insects, it occurs m some parasitic 
Hymenoptera It is most pievalent in the Chalcid family £nc3n:tida$, 
but is also known in the Proctotr3^idca, Ichneumonoidea and Vespoidea4 
^ce the fundamental discovery of polyembryony in Agemaspts (Etuyrtus) 
/imicolUs, a parasite of Hyponotmuta, by Marchal in 1904, a number of 
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investigate have studied the process in different insects. 'Amosig tbe 
Chahdjtoidea it has been recorded in spedes belonging to five genera whose 
hosts nre Lepidoptera. In all cases the eggs of the parasites are laid in 
those o< their hosts, which duly hatch into larvse with the developing para* 
sites in their bodies. The main features of polyembryonic development 
are very similar in different parasites (Fig. 167). The oocyte nucleus forms 
two polar bodies and the first ot the latter may divide : subsequently the 
cytoplasm becomes differentiated into an embryonic area, around the 
nucleus, and a polar area associated with the polar bodies. The embryonic 
nuclei undergo division while the polar nuclei give rise to the paranucleus 
or nucleus of the trophamnion. The latter comes to surround the embryonic 
area while the egg, as a whole, soon becomes enclosed in an adventitious 
sheath formed from the surrounding host tissues. Tlie trophamnion is 
believed to absorb food material from the host and act as the means of 



Pig. 168. — Two Polyembryonic Chains each oerivlp ^rom a singie Hgo ov AuKuusHis 

FUbOJCOLllH AND CONTAINED IN THE bAMK HO&I 

One of the chdins is viewed by reflected light and the other is repiesented in outline only. After Marchal, Arek, ZooL 
Exp , 1904 

transferring such products to the embryos since the original egg is very 
deficient in yolk. The beginning of polyembryony is the division of the 
embryonic area into small groups of cells, or morulaB, which lie in cavities 
within the trophamnion. The whole egg increases in size, further morulae 
are formed, while the trophamnion and adventitious sheath grow simultane* 
ously as a complete double coat. The process goes on and results in a chain 
of embryos (Fig. 168), derived from the morulae, which ultimately bre^ 
aviray and become endoparasitic larvae. The number of embryos winch 
originate from a single egg is very variable : in Coptdosoma testaceipes 
from about 163 to 191 are recorded (Patterson, Leiby) and in LttomasUx 
tmncatdlus about 1,500 embryos are formed (Silvestri). In the latter 
species two types of larvae result, i.e. those with gonads and asemial larvae, 
but only the former develop to maturity. 

In the Proctotrypoidea polyembryony occurs in Polygmtus and Platy- 
gaster, whose hosts are Cecidomyidae which are parasitized either as larvae 
or (Marchal, 1904 ; Leiby and Hill, 1^3, 1924). Platygaster hiemaiis 
which paurasitizes the Hessian Fly is of special interest since some of its eggs 
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develop into single embryos and others give rise to two embryos (Leiby 
and lull). Apparently all the eggs develop in a similar maimer up to the 
stage when four embryonic nuclei are present. If the egg is to form a 
single individual the embryonic area does not divide : where two embryos 
are formed separation of the blastomeres into two groups occurs. A 
trophamnion is formed in either event and it is clear that polyembryony has 
arisen from an already specialized method of monembryonic development. 

In the Ichneumonoidea polyembryony is only known in two species of 
the Braconid Macrocentms which parasitizes Lepidopterous larvae. In 
M. gifuensis each egg produces up to eight or ten larvae (Parker) while in 
M. ancylivorus only a single polyembryonically produced larva survives 
in a given host individuad (Daniel) . Among Vespoidea polyembryony occurs 
in the Diyniid waisp, Aphdopus thelia, a parasite of Membracidae (Korn- 
hauser). The full details of the process have not been studied but a single 
egg is stated to produce about 50 embryos. j 

When a single parasite egg is laid in a given host the individuals of the 
polyembryonically produced offspring are either all females or all mues, 
depending upon whether the original egg was fertilized or not. Oftra a 
progeny containing members of both sexes results and this fact is accounted 
for on the basis of more than one parasite egg having been laid in the hopt. 
Giard noted that nearly 3,000 individual Liiomastrix may emerge from a 
single Plusia larva : both sexes were represented and it is certain that so 
large a progeny was not derived by the division of one egg. 

Outside the parasitic Hymenoptera polyembryony has only been recorded 
in Halictoxenos (Strepsiptera). In their very brief preliminary account 
Noskiewicz and Poluszynski {C.R. Soc. Biol. Paris, go, 1924, p. 896) state 
that the egg may divide into over 40 embryos. 

Hermaphroditism. — Functional hermaphroditism is an extremely rare 
phenomenon in insects but is a regular feature in the Coccid Icerya purchas* 
(Hughes-Schrader, 1925, 1927). This species consists of true hermaphroditic 
individuals which correspond in general appearance and behaviour to the 
females of related species. They develop from fertilized eggs and are always 
diploid in chromosomal constitution. The hermaphroditic gonad is prim- 
arily an ovary and is formed by the fusion anteriorly of two originally 
separate organs. The outer cells of the gonad form the ovarioles, while 
those forming the central core of the organ become reduced to the haploid 
condition and form sperms. Fertilization of the eggs of the hermaphrodite 
by its own sperms gives rise to diploid embryos which develop into herma- 
phrodites. If the eggs remain unfertilized they develop pathenogeneticaUy 
into haploid males. These males are only occasional and their copulation 
with hermaphroditic individuals is not necessary for reproduction. 

Non-functional, accessory hermaphroditism is also very rare but is found 
in the stone-fly Perla marginata. Schoenemund (vide p. 264) has shown 
that all the males of this species possess a well-developed ovary connecting 
the anterior extremities of the testes. The eggs in this ovary show the male 
dirpmosomal number (22), and although they develop up to a late period 
th^ neither mature nor fimction (Junker, Arch. f. Zellforsch. 17, 1923). 

' As stated on p. 664, hermaphroditism in the fly TermUoxenia is not 
j^ven. Assmuth (1923) la3rs stress on there being no known males and 
<» the fact that the vagina of the female bears an unpaired testis-like organ 
«ntaining spermatozoa. Decisive evidence of spermatogenesis is, so fdx, 
wanting while the possibility that the organ in question is a spermatheca 
not be overlooked. 
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5. Castratioii 

Castration in the broad sense implies any process which interferes with 
or inhibits the production of ripe ova or spermatozoa in the gonads of 
an organism (vide Wheeler 1910 ; Salt, 1927), 

Surgical Castration. — By this term is meant the sudden and com- 
plete extirpation of the gonads by artificial means. The experiment has 
been carried out by several observers and the insects successfully operated 
upon were lepidopterous larvae in the ist or later instars and crickets in 
the late nymphal period. The individuals on reaching the adult condition 
did not exhibit any deviations from the normal with regard to their instincts, 
and the development of their secondary sexual characters was in no way 
impaired by the absence of the gonads. In other cases, where the origin^ 
operation was followed by the implantation of the gonads of the opposite 
sex, the secondary sexual characters of the original sex remained unaltered, 
even though they had not developed at the time of the operation. 

The above experiments render it doubtful whether sex hormones occur 
in insects. The effects of parasitic castration (p. 541) suggest, however, 
that they may exist but that their origin is not in direct relation with the 
gonads (see Roller, l.c., p. 139). 

Physiological Castration. — Under this category are included certain 
forms of inhibition of the development of the gonads, leading to functional 
disability, brought about by an insufficient supply of nutriment. The 
best examples are met with among the social Hymenoptera where the 
majority of the female larvae of a colony become workers and, owing to 
their inadequate nutrition, their ovaries remain in a very rudimentary 
state. This condition may be maintained throughout the adult life of 
the workers. If, on the other hand, the trophic status of the colony becomes 
highly favourable, or if the queen dies, one or more of the mature workers 
may functionally replace the latter, their ovaries undergoing active growth 
and producing fertile eggs owing, it is believed, to the influence of a special 
diet. 

Parasitic Castration. — The influence of parasites in suppressing the 
reproductive function of their hosts was first adequately recognized by 
Giard. The hosts also undergo certain correlated structural changes and 
may assume characters of the opposite sex. The parasitization by Stylops 
of bees of the genus Andrena results in the female bees, becoming sterile, 
and also involves the atrophy of the pollen-collecting apparatus, and the 
acquisition of the clypeal coloration of the male. In the males the changes 
that occur are less pronounced features. Modifications of the secondary 
sexual characters owing to the presence of strepsipterous parasites also occur 
in some wasps {Odynerus, Chlorion and Sphex). According to Salt (1927, 
1931) these effects produce, or tend to produce, an actual interchange of 
those characters so that the parasitized individuals are to be regarded as 
intersexes. The Membracid Thelia when parasitized by a species of Aphe- 
hpus exhibits marked alterations (Komhauser, 1919). The gonads in both 
sexes usually degenerate, and often disappear, while the genitalia suffer 
reduction. The males take on female characters as regards pigmentation 
and the shape and texture of the abdominal segments. Other examples of 
parasitic castration occur in species of TypMocyba when infested by 
Aphdopus or by the Pipunculid fly Chedarus. Although the genitalia may 
become reduced as the result, there is no tendency of any parts to partake 
of characters belonging to the opposite sex. The parasitic nematode 
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Spu^ularia has long bora Imown ta cause steriEty in the yberutpg 
of Bombus. Recently Goodey (1930) has described ihe iife-cyde 
of the Nematode Tylenchinema oscineUee, whose females enter the larvae 
of the frit fly and reproduce in the imagines of that insect. The 
of these parasites inhibits growth of the gonads of the host and the sex 
fail to develop. No effects upon the secondary sexual characters of the 
host were, however, to be observed. 
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Part II 

DEVELOPMENT AND METAMORPHOSIS 

Oviposition or egg-laying takes place among insects in diverse ways: 
the eggs are often protected in some manner or other, and are generally 
deposited in situations expressly adapted for the immediate needs of the 
subsequent offspring. In some cases the female simply drops the eggs 
at random while flying low, as happens lor example in a few Lepidoptera 
whose larvae feed on grasses or their roots. In very numerous instances 
they are laid singly, or in clustc rs, on the leaves of the future larval food- 
plants (Heteroptera, Lepidoptera, certain Coleoptera) : or they may be 
superficially inserted into plant tissues (Locustidae, many Homoptera). 
When inserted more deeply excrescences (galls) of the plant may arise 
(Tenthrcdinidae, pyniindje). In the Chrysopidae they are laid at the apices 
of stiff pedicels made of a hardened secretion. In certain cases the eggs 
may be glued to some surface, in others they are laid beneath a web or a 
cottony covering. There are again insects which enclose their eggs either 
singly (Phasmidae) or collectively (Mantidae. Blattidae) in a firm capsule 
or ootheca Many aquatic species surround the eggs with a gelatinous 
secretion which swells in water forming a jelly-like spawn (Trichoptera, 
Chironomui). A considerable number of insects lay their eggs beneath the 
soil (Gryllidae, many Coleoptera). Parasitic species oviposit on or within 
the bodies of the hosts which support their future offspring (Tachinidae, 
parasitic Hymenoptera) : when the host is a vertebrate, the eggs are often 
fastened to the hair or feathers (Anoplura, CEstridae). 

Embryonic development may take place entirely after oviposition, or 
partly while the eggs are still within the parental body, or the whole phase 
may be passed within the latter (in viviparous species). Almost every 
transition between these conditions may be found, notably among the 
higher Diptera. The duration of the egg state (after oviposition) is very 
variable. In some of the Sarcophaginae it is only momentary, the larva 
emerging immediately : in Musca domestica it lasts about i^i2 hours, 
according to temperature. At the other extreme are certadn Lepidoptera 
which pass about nine months in the egg, and among the Phasmidae this 
stage may last nearly two years. 

In discussing the development of insects the subject falls naturally 
into two divisions : (a) embryology and (&) post-embryonic development. 
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EMBRYOLOGY 


I N the eggs of most insects there is a distinction between the anterior 
and posterior poles which bears a definite relation to the position of 
the future embryo. The eggs arc located in the ovarioles in such a 
position that the cephalic pole of each is directed towards the head of 
the parent : also, the dorsal and ventral aspects of the egg corrtepond 

with those of the parent and of the Ifuture 
embryo (Hallez, 1886). This relations! 
comes less evident in the more spherica 
but tliere is every reason to believe 
holds good. 

The contents of the egg are made up of two 
portions, namely, protoplasm, and deutoplasm 
or yolk. The protoplasm forms a reticulum 
which pervades the substance of the egg and 
also forms a bounding layer, or periplasm, 
which lies just beneath the vitelline mem- 
brane, and completely surrounds the egg (Fig. 
169). The deutoplasm is contained within the 
meshes of the protoplasm and consists of 
vitelline spheres and generally globules of fat : 
small refringent vitelline bodies are present 
within the vitelline spheres. In addition to 
these constituents many eggs contain minute 
greenish bodies known as Blochmann’s cor- 
puscles, which are independent organisms cap- 
able of cultivation in artificial media. 

In the unfertilized egg the germinal vesicle, 
or nucleus, is situated in the central part of 
the yolk, enclosed in an island of protoplasm. 
During the maturation process the germinal 
vesicle migrates towards the periphery of the 
egg where it undergoes division and the polar 
bodies are formed (Fig. 169). After fertiliza- 
tion the zygote nucleus passes inwards and 
there commences to divide into daughter 
nuclei. 

Cleavage and Blastoderm Formatloo. 

—The products of the division of the zygote 
nucleus are the cleavage nuclei, each 01 which 
becomes enveloped by a stellate mass of pro- 
toplasm. When a considerable number of 
cleavage cells have been formed, the majority migrate to the periphery 
of the egg, where they become merged with the periplasm (Fig, 170). In 
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Fig. 169.— Longitudinal Sec- 
tion OF THE Egg of Musi a 
IN STAGE OF FERTILIZATION. 

chonon , dorsal, v, ventral side 
vitHline membrane; do, yolk; g 
leUtinous cap ovtr micropyle (m) ; 
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THE BLASTODERM 
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this manner they form a continuous c^ulax 
layer or blastoderm surrounding the yolk 
(Fig. 171) . At a slightly later stage the blas- 
toderm consists of a layer of columnar cells 
{ventral plate) on the ventral side of the egg 
and a flattened epithelial stratum over the 
remainder (Fig. 172). 

Tho.se of the cleavage cells which remain 
in the yolk form the primary yolk cMa, 


Fig. 170. — Longitudinal Section 
OF THE Egg of CiTTm lumus* 
CVLAt 24 HOURS OLD. 

The dcJLvage cells (c) are seen migrating 
towards the peripiery of the egg pen- 
plasm; y, ^Ik spheres. After Lecauloa. 
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FWl 171 . — ^Median 1 x>ngitudinal 
Section of the Egg of CirrEA 

IMViVBOULA AT THE TIME OF 

Completion of Segmentation, 
anterior pole ; A, blastoderm ; g, genital cells; 
V, folk «^res ; ye, yolk cells. After Lecaillon. 


Fig 172 — ^Median Longitudinal Section of the 
Egg of CirrEA zaiviit&cuia at the time of 
Differentiation of the Ectoderm. 

tl'j, dorsal blastoderm, vb ventral blastoderm Other lettering as 
In Fig ISO After Lecaillon. 


which become augmented by secondary 
yolk cells derived by the immigration of 
cdls from the blastoderm. In some cases 
it appears that the yolk cells are only 
derived from the latter source. Among 
several orders of insects, notably Orthop- 
tera, Lepidoptera and Coleoptera the 
yolk undergoes secondary cleavage, be- 
coming thereby divided into polyhedral 
masses each of which contains one or 
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mo«« foVk nuelei (Hg. 776). The fahctioo of the yelk o«IIs is to HiftteQr 
the yolk and brixig about its assimilation. 


la a few insects the cleavage is total rather than peripheral as described abom 
This feature is exhibited among Collembola (e g Anurtda) and certain of the endopaia* 
ntic Hymenoptera In the former example the cleavage is slightly unequal ai^ 



subsequently becomes pen* 
pheral this condition is 
probably ancestral to the 
usual type found among 
msects Among the para* 
siiic Hymenoptera the 
cleavage is total and com* 
plete which has probably 
been secondanly acquired 
in relation to the almost 
entire absence of yopk 


Flo 173 — Transvfrse Sfction of the Germ Band of 

ClTTBA IBVItKHA AT THE TIME OB FORMAllON OF TUB Han/I IXV... 

G ASTRAL Groove (g) ixerm 

iFi latoial plate, mp meiian plate J/ler LecaiUon gPTtn OHflA makeS\ltS 

first appearance as me 

ventral plate already alluded to The extent of the germ band depends 
upon the amount of yolk present When very abundant the germ band 
occupies a relatively small area with eggs poor m yolk as m Diptera 
the germ band extends along the whole ventral surface, and its two 
extremities nearly mtet „ 

on the dorsal aspect of 


Formation ofxthe 


the egg. 

A pair of longitudi- 
nal folds appears on 
either side of the 
median line of the ven- 
tral plate which thus 
cut off a middle plate 
and two lateral plates 
(Fig 173). In most 
faisects (e g Hydro- 
philus, Musca, Donacta, 
etc.) a groove-like in- 
vagination {gas tral 
groove) extends the 
s^ole length of the 
middle plate, repre- 
senting a modified pro- 
cess of gastrulation, 
while the actual mouth 
of the groove is the 
homologue of an elon- 
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Fig. 174 — ^Transverse Sbction of Egg of the Homnr 


gate blastopore. The 
lateral folds grow over 


MP, middle plate, LP, lateral plate. Am, asuiioo, 
blastoderm Afitr Nelson, 29x5 


DS, dofial ttdp 


the middle plate and the groove becomes converted into a tube : or, the 


overgrowth may take place in such a way that the cavity of the groove is 
wlio%, or partially, obliterated The tubular cavity, when present (as ia 
Mydrophilus), is evanescent and is the counterpart of the archenteixm of 
Oth<a‘ animals. In some insects (eg. Apts, Ptens, Gastrotdea, etc,) th# 
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middle ^te flat, and is ovei|;rown hy the lateral folds, with- 

out any invagination bdng forn^ (Fig. 174). In either event, the meet- 
ing of the lateral folds results in the production of a two-layered germ 
band. The lateral plates give rise to the ectoderm, and the inner layer 
(formed from the middle plate) is 
the rudiment of the future meso- * ^ f 

derm. In a third t)^ the inner 
lay«: results from a simple prolife- 
ration of the ectoderm along the 
median line of the ventral plate 
(Apterygota and Orthoptera) and 
may, or may not, be accompanied 
by the formation of a gastral 
groove. 

The Embryonic Envelopes 
and Blastokinesis.— It is charac- 
teristic of insects that the germ band 
does not remain freely exposed on 
the surface of the yolk but becomes 
covered by ammotic folds arising 
from its edges These folds grow 
towards one another, usually meet- 
ing and fusing, with the result that 
they enclose a spare or amniotic 
cavity contaimng the germ-band 
(Fig 175). It will be observed 
from reference to Fig 175 that the 
germ-band becomes covered by a 
double cellular envelope composed of the amnion and serosa. The amnion 
or inner envelope is contmuous with the margins of the germ-band, while 
the serosa is an extension of the undifferentiated blastoderm covering the 
surface of the yolk, and forms the outer envelope to protect the develop 

mg embryo. 

The formation of the em- 
bryonic envelopes presents 
many variations which ate 
dependent upon whether the 
germ-band is invaginated into 
the yolk, simply immersed in 
the latter, or lies wholly super- 
ficially to the yolk 

Insects with an invaginated 
germ-band are exemplified by 
certain of the Thysanura, the 
Odonata and many Hemiptera 
and Orthoptera. In Lepima 
the germ-band becomes seg- 
mented at the same time as it 
is being bodily sunk into the yolk, and the invagination, or amniotic cavity, 
remains permanently open by means of the amniotic pore (Fig 177). The 
yolk is almost entirely covered by the serosa which is characterized by its 
l^ge and widely spaced-apart nuclei The inner walls of the cavity consist 
^ o^nary flattened celk with normal nuclei and constitute the amnum. 


Fig 175 — A, Transverse Section of the 
Germ Band of Cirrm at the Time of 
Formation of the Amniotic Folds 
B, AT THE Time of Fusion of the Amniotic 
Foi DS 

a amnion , ae amniotic cavity » e ectoderm , s innet 
layer (me!>odertn) , serosa Babcd on ’ 



Fia 176 —Transverse Section of the Glrm- 
Band of Cm ha ai the Iimf of ArprARANCE 

OP THE NeUROBLASIS (if) AND Co LOMIC CAVITIES 

W 

Other lettering as in Fig 175 After I ecaiUon 
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At a later stage the embryo becomes completely everted and snperfida! 
in poation. In MacMis the embryo is very similarly invaginated, but 
the front half of the egg exhibits the characteristic serosa cells, while the 
htoder half remains covered by cells with ordinary nuclei which represent 
the amnion. In the dragonfly Calopteryx the germ-band gradually dnks, 
at its hinder extremity, into the yolk and the space thus formed is the 
amniotic cavity (Fig 178). As the germ-band sinks deeper, a portion of 
the undiffeicntiated blastoderm is drawn in with it, and forms the amnion. 


The part of the blastoderm not drawn into the cavity, but remaining arotmd 
the yolk, constitutes the serosa. The invagination of the germ-band, 
or embryo as it now may be termed, proceeds in such a manner that its 
ventral surface comes to lie towards the dorsal aspect of the egg, and its 
posterior extremity is directed towards the anterior pole. The cephalic 
portion of the embryo remains in its superficial position for a while, but 
it subsequently becomes enveloped by ventral folds of the amnion. I The 
latter meet, completely enclosing the embryo, and at their point of union 
the amnion fuses with the serosa Except ]ust at the latter position the 
two embryonic envelopes are separated by yolk. 

® When the process is complete the original position of 
the whole embryo is reversed, and it will be obseiVed 
that the dorsal and side walls of the amniotic cavity 
'^P are formed by the amnion while the ventral wall is 
foimed by the embryo itself At a later stage the 
embryo undergoes further changes in position during 
-S winch great alterations take place in the amnion and 
serosa The latter contracts and thickens, drawing 
Fio. 177 —Diagram all the yolk towards the anterior pole. The increase 
or THr } MBRYo AND of prcssurc that is consequent, together with the 
imsw 1 growth of the embryo, causes the amnion to rupture 
ACCORDING TO Hfv- at thc pomt of its fusion with the serosa As the 
latter goes on contracting, the head of the embryo 


protrudes through the split and, turning round, be- 
t ie^“” ’ *’ '“"oo . comes directed towards the anterior pole of the egg. 

Tire rest of thc embryo follows in due course, and 
it eventually comes to lie in its original ventral position. These move- 
ments of the embryo are termed blastokinesis. To recapitulate, the germ- 
band always arises on the ventral surface of the yolk, and it moves through 
an arc until its position is completely reversed on the dorsal surface. Here 
it rests for a while, and again passes through the same arc to its original 
ventral position Blastokinesis is characteristic of the Exopterygota 
whose eggs are rich in yolk, and the germ-band is invaginated therein : 
in eggs poorer in yolk the process is usually less marked or wanting (vide 
Wheeler, 1893 • Henneguy He)mions, 1895). 

Ill the superficial type of germ-band the embryo retains its ventral 
position and blastokinesis is usually wanting The embryonic envelopes 
are formed as overfolds of the germ-band arising from the edges of the 
latter at its anterior and posterior extremities the cephalic and caudal 
folds are generally connected later by side folds. When the folds come 
into apposition their intervening walls fuse, and two continuous embryonic 
membranes are formed which enclose an amniotic cavity on the ventral 
aspect of the embryo This type of germ-band is well exhibited, for 
example, in Diptera Orthorrhapha and among Hymenoptera. 

In Lepidoptera and the Tenthredinidse the envelopes develop in a rimilai * 
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maimtf , but the germ band subsequently sinks bodily into the yolk and 
the latter enters between the amnion and serosa. In this manner the 
immersed type of germ band is produced. 

Among Coleoptera {Hydrophihts, Gastroidea, Melasoma) the development 
is intermediate between that of Cahpteryx, with a completely invaginated 
germ*band, and the wholly superficial type. The posterior extremity of 
the germ-band becomes invaginated after the manner already described 
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Fig 178 — Stages in the Embryonic Development of Caloptsryx, 

Lateral view ventral surface to the nght A, Tormation of ventral plate B — D, Invagination of embryo in yoEc 
E— lormation of appcudagts H — K, Rupture of amnion and icveision of embr>o a6» abdcxnin, axnniotiti 
cavity, am amnion, aa union of amnion and serosa , «/, antenni, 6, lattral t order of ventral plate , 61, blabtodeim ; 
hp, blastopore , c, cap or pedicel , cA, chorion , rf, cephalic lobe , embryo , /g, stemodffum , head , kg, prdcto^ 
damn , lx /i, legs , I6r, labruin , md, mandible , mv, first maxilla , labium , serosa , vp^ ventral plate ; yA, 
yolk. From Tillyard, Bydogy of Dragonflies, after Brandt 

for Cahpteryx, bending round dorsally and becoming immersed in the 
yolk. Both anterior and posterior amniotic folds develop and fuse in the 
usual manner, thus enclosing the embryonic area. Finally the posterior 
extremity becomes drawn out of the yolk and regains its superficial position. 
This migration of the germ-band is to be regarded as a vestige of the process 
of blastokinesis, and the type of development is probably derived from 
ancestors in'wUch the whole germ-band was invaginated. As Korschelt 
and Heider suggest, it is likely that the invaginated germ-band is the 
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one, \vhUe the superficial type, i«hich is wholly dwnrgciiywpi la^ 
amniotic folds, is a secondary condition. With the a c quisition <tf twe 
latter blastokinesis becomes no longa evident. 

In the Locustidse a third envelope or indusium appears as a disQ>filEe 
thickening of the blastoderm, ]ust in front of the future head (Fig. 179)- 
It develops into a membrane which pushes its way between the serosa 
and the yolk, finally becoming an inner envelope next the yolk and only 
separated from the embryo by the ammon This structure itself fonns 
a second membrane or outer indusium and the two membranes cover the 
whole surface of the egg except at the poles • they subsequently shrink 
and disappear with the growth of the embryo. The precephalic organ 



Flo. 179 — Figures Illustrating the Movements and Envelopes op the Embrvo of 

Xjphjdiuh 

A, after closure of amnfoscrosol folds , the broken line shows the path of migration of the embrya 

B, embryo on dorsal surface 

C, shortening of embrvo 

a, ammon, r, chorion, g, germ band, i indusium, outer indusium, tf, inner mdusium , i«c, cuticle and itS, granular 

secretion of inner indusium After Wheeler, Joum Morph , 3 


of Collembola, which has a similar mode of initial development, has been 
homologized with a degenerate indusium (vide Wheeler, 1893). 

In addition to the foregoing there are certain anomalous types. An amnion and 
serosa are totally wanting m Anunda and other Collembola, and are vestigial m the 
higher Diptera In Apts there is a single envelope homologous with a serosa (Nelson)* 
In many parasitic Hymenoptera the egg ib surrounded by a single envelope known as 
the trophamnion It is composed of a small number of large cells with proxxunent 
nuclei and may persist up to the time of the eclosion of the larva. In any event It 
breaks down and, in some cases, its cells afterwards occur free in the blood of the ho^* 
Its method of development differs m various species in LttomasHx and the PWty- 
gastendse it is formed from the polar bodies (Silvestn, 1906, 1921) or at the coxninetiQe* 

« t of cleavage (Marchal, 1906), In LttomasHx a second membrane, formed 1 b^ 
.mination of the blastoderm, is present (Silvestn) 

Formation of the Embryo# — At an early stage in development ithe 








i<3^w(x» m tm mmo m 

divideii means of tramverae furrows iidK> a series 
of «e||d|U$lsM^ tmd* in tliis coiu^on, it may be referred to as the emlnyo 
Ihe segmentation may even occur contemporaneot^y 
wmtWfoimation of the gastnd groove, as in Hydrophilus and Chalicoioimi, 
bti|,m(''li’iriiib it does not become apparent until after the separation of the 
i!ni;ii :germ la3rer. The embryo is at first divisible into a protocephdlie 
&t primary head region, and a protocormic or primary trunk region. The 
protUc^halic region is conspicuous on account of its large lateral lobes, 
\duch give rise to the protocerebral or ocular segment. The latter bears 
evanescent pre-antennal appendages in Carausius (Wiesmann, 1926), but 
sudh organs have not so far been detected in any other insect. Immediately 
in firont of the ocular segment is a median and often bilobed swelling whid^ 
is the future labrum. It is not regarded as a true segment but rather as a 



F20. iSo. — T hree Stages in the Segmentation of the Germ- band of a LEAF-BsETtB 

{Mmlasoma), 

abdominal segments ; n/, amnioticlold ; M, blastopore ; gnatbal segments ; bead-lobe ; thorade ; 

legmonta. Afitr Graber. 


pie-oral outgrowth — the acron of He5unons. The second primary head 
S^^ment is the deutocerebral or antennary segment which bears a pair of out- 
growths representing the future antenna. The third segment is the trito^ 
cereal or intercalary segment : in some cases it bears a pair of evanescent 
itiKlimentary appendages (Fig. 183, A) homologous with the Crustacean 2nd 
antenna and in Campodea vestiges of them are retained in the adult (Uzel). 
btetnediately behind the labrum is a pit-like invagination of the ectoderm 
whkh is the beginning of the future stomodaum. The first three of the. 
^pmaty trunk segments subsequently combine with the protocephalic re^h 
b^rm the future head. These segments are those which bear the devdop- 
i^.Tudiments of the mandibles and 1st and 2nd maxilla. The maxiUary 
also bears a median protuberance which gives rise to the b3rpo-. 
ax and, in Anurida and Campodea, a pair of small protuberanoea 
led near the median line are the rudiments of the future superlingna 
.183, B). The appendages of the 2 nd maxilla ultimatdy fuse to form' 
'jUAitm. '^e next three protocormic segments bear the rudimoi^ 
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of the future three pairs of thoracic legs and eventually form the th<»rax, 
while the remaining segments constitute the abdomen. In most insect 
embryos the latter region consists of ten segments, together with a terminal 

region or telson. The telson bears a median 
invagination which is the beginning of the 
proctodeum. There is good reason to be- 
lieve, however, that the primitive number 
of abdominal segments was I2 ; this number 
having been recognized by Heymons in the 
embryos of Dermaptera, Orthoptera and 
Odonata, and by Nelson in that of the hive 
bee. All the abdominal segments, excepting 
the telson, may carry a pair of embryonic 
appendages and, in some orders, the first 
pair is frequently much more pronounred 
than those on the remaining segments and 
later may take on a peculiar structme. 
According to Wlieeler (1889A) this pair W 
appendages was possibly glandular in fu^- 
tion and formerly had an important signiu- 
cance. In the Apterygota one or morlp 
pairs of the abdominal appendages persist 
throughout adult life : among other in- 
sects they remain 
as the abdominal 
feet of larval 
Tenthredinidae 
and Lepidoptera, 
and as gills in the 
larvae and nymphs 
of certain aquatic 
groups. As a rule, 
however, all traces 
of abdominal ap- 
pendages disap- 
pear on hatching, 
with the exception 
of the last pair 
which is retained in many orders as the cerci. It 
is still a disputed point as to whether the gona- 
pophyses are to be regarded as true appendages 
or not. As pointed out on p. 48, the outer pair 
on the 9th abdominal segment is to be regarded 
as derived from abdominal limbs, while the 
remaining gonapophyses are most probably 
secondary developments. 

Dorsal Closure of the Embryo and 
Degeneration of the Embryonic Envelopes. — 

As the embryo develops it grows round the yolk 
and the dorsal or non-embryonic portion of the 
blastoderm becomes more and more restricted. The final closure and the fate 
of the embryonic membranes exhibit important difierences among various 
insects which are classified by Korschelt and Heider into four main types. 
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181 — Emhryo 

TASaA 


OF Lbptino- 


I, labium ; 2, stomocLpnin , 3->5, brain 
aefincDents , segments of optic ganglion , 
9-11. segments of optic plate, iJ-16, ten- 
tonal invaginations, etc , 17, 18, first and 
last spiracles, 19* tntocerebral commissure, 
20, neuromeres , 31, middle c ord thu keningn , 
33, antenna , 33, mandible , 24, maxilla , 
35, labium ; jty-28, legs , 29, rudimeuts of 
Malpighian tulies, 30, proctodeum After 
WbeeSer, Joum Morph 3 



Fig. 182. — Embryo of Silk 
Worm. 

X, labnim ; head-a. 

6-*8, legs ; 9, 10, first and 1 
inal appradages; ii, spiradas: la, 
netiral furrow; 13, opemng 01 allk 
gland on labium. After Toyama, FwU. 
Agnc. CoU. Tokyo, 3. 
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Fig 18} — Cepiiauc Rigion ot Lmbryo or Anurwa showing 
l)i vr i OPING Appendages 

A at an early stage, B, Uttr, a, antenna J, oral fold, A, hypopharynx ; 
It labnini le leg, m, mandihle m, maxilla m', labium maxillary palp, 
s siijM rlingiia trito rerebi al appondige AJier lolbonit Bull Mus ^ool Har- 
vard, 36 irodrawn) 


X. IN^UtlOM THROUGH THE FORMATION OF A DORSAL AMMIOSEROSAL 
SAC. — This process occurs in the more generalized orders of Pter3>gota 
but exhibits various 
modhications. The 
two envelope rup- 
ture and, with the 
upward growth of 
the embryo, their 
contracted remains 
become carried on to 
the dorsal side of the 
yolk. Here they 
sink into the latter, 
forming a tubular 
sac known as the 
dorsal organ. Ulti- 
mately the dorsal 
organ undergoes dis- 
solution and the 
embryonic ectoderm completes the dorsal closure. In Hydropkdus the 
two flaps formed by the rupture of the amnion and serosa become 
carried to the upper side of the yolk, with a small contracted area of 

the original dorsal 
serosa between them. 
The flaps then over- 
grow the latter until 
their edges unite. 
By this means a 
tubular dorsal organ 
is formed, which 
sinks into the yolk 
and becomes en- 
closed by the de- 
veloping mesenteron, 
while the embryonic 
ectoderm completes 
the dorsal closure 
(Fig. 184, A-E). In 
(Ecawthus the con- 
tracted serosa alone 
forms the dorsal 
organ, the amnion 
persisting, for a 
while, as a covermg 
of the yolk (Fig. 184, 
A, B, F-H). 

2, INVOLUTION OF 
THE AMNION WITH 
THE RETENTION OF 
THE SEROSA. — Itt 
Leptinotarsa and 
other of the Chrysomelidae, the amnion ruptures ventrally and grows 
round the yolk so as to enclose it dorsally, becoming at the same time 





B 





Fig, 184. — Diagrams illustrating the Dorsal Ciosure of 
THE Embryo and the Fate of the Embryonic Mem- 
branes. A, B, General C — E, Hr^mPuiLva, F — H, 
(Boabteuh 

9, amnion , d, dorsal organ, «, embiyo a, serosa, y, yolk Based on Ayers 
Graber and Kowalev^ky 



EMBRYOLCXiV' i. , 

from the serosa. With the upward growth irf the 
amnion becomes compressed into a sm^ dor^ tract — ihe 
Tbt latter disintegrates in the yolk with the dorsal dosure of the hadwyo. 
The serosa persists, until a late stage, as a comjdete membrane applied Id 
the inner aspect of the chorion (Fig. 185, A-C). 

3. INVOLUTION OF THE SEROSA WITH RETENTION OF THE AMNION.-~>Elt 
Chironomus the serosa alone ruptures and contracts to form the dorlal 
organ, which becomes absorbed into the yolk. The amnion afterwards 
grows over this area, so as to entirely enclose the egg, and persists until 
the time of hatching (Fig. 185, D-F). 

4, RETENTION OF BOTH THE AMNION AND SEROSA. — ^In LepidopterU 
and Tenthredinidae the amnion ultimately grows entirely round the 

yolk and becomes 

f x separated from the 

//i: • serosa. The«gis 

I) \ ( { ^- . '.Ji ) now enclosedT by 

y j—S two complete! en- 

y velopes up to\the 

time of hatchmg, 

G " d g when they we 

ruptured. InLejn- 
doptera a quantity 

(f ' ■ ' • (m ■ ■ ’ll retained 

ir ; between these two 

envelopes, which 

"S serves as the first 

_ C food of the young 

A , .d larva (Fig. 185, 

Th® Meao- 

\u /§ ■ • ’■ il • • derm. — The 

((■.'. - • llj a 1 ^ • 'Mj • M ) whole of the inner 

l^yoT, or that part 
(jf which does 
„ p not participate in 

endoderm forma- 

Fig. 185. — Diagrams illustrating the Dorsal Closure of the tion, giveS ri$e tO 
Embryo and the Fate of the Embryonic Membranes in 

A— c. leptinotamsa: d~f, Chironomvhi g. h, Lepi- mcsoaerm, 
DOPTERA. The latter becomes 


Based tin Wheeler, Graber and Tichomiroff. ranged UltO 

two longitudinal 

bands, connected across the median line by a single layer of cells. These 
bands come to be constricted transversely, and consequently the meso- 
derm is divided into segments which correspond with those of the ecto- 
derm previously alluded to (p. 177). These divisions are the tnesoUadic 
somites and, sooner or later, a pair of cavities or coelom sacs appears in each 
(Figs. 176, 186). In their completely developed condition, as seen SB 
Carausius, paired coelom sacs are present in relation with the labrum and 
in each head segment and in every trunk segment up to, and including, 
the noth abdominal segment — ^thcre are also vestiges in the iith abdominal 
segment. In other generalized insects coelom sacs are undeveloped in thl 
labral and protocerebral segments, and it is apparent that an unususdly 
ipdmitive phase is displayed in the development of Carausius. In 





hijl^ tbe iiikoiotiitiuitfc tomites show secoivSary lao^il^catiktta : 

thttii hi tw lii}sd«las they lemsm solid thrc^hout, wh&e in the hive bee 
NdMM fhi^ that the coelom sacs on either side of the body are confluent. 
thi» fknrming a pair of longitudinal 


tubes. The outer or somatic layer of 
the mesoUastic somites gives rise to 
the body muscles, dorsal diaphragm, 
and pericardial cells ; from the inner or 
splanchnic layer the visceral muscles, 
genital ridges, and the greater part of 
the fat-body are produced. At the 
u|^r angles, where the somatic and 
splanchnic layers meet, are peculiar 
cells termed cardioUasts (Fig i88) which 
take part in the formation of the heart. 
The middle layer of mesoderm, which 
unites the somites of the two sides of 
the body, appears in some insects to 
dissociate and form blood cells The 
mesoderm of the protocerebral seg- 
ment produces the musculature of the 
stomodaeum, and a similar mass at the 
posterior end of the embryo provides 
the proctodseal musculature. 

The Endoderm. — ^The origin of 
the endoderm is a much disputed pro- 
blem of insect embryology and its 
method of development is, furthermore, 
subject to modification in different 
insects (vide Eastham, 1930A). In 
most cases it appears as two widely 



Fig 186 — ^Diagrammatic Sagittal Sbc> 

TION (a LnTLB TO ONE SIDE OP THE 

Median Line) op the Fmeryo op 

Dokach oxAsairma showing Oblom 

Sacs 

1-4, cephalic appendages* 5*15, abdominal 
ments, a, coeloinic sac of intertdary scgmtnt, 0, 
cticlom sacs of thoracic segments, c, colom sacs Of 
abdomen, am, ammon, seiosa, g gemtal cells 
Adapted from Hirschter, Zetts wiss Zcol 1909 


separated masses of cells which are apphed to the bhnd ends of the 


stomodaeum and proctodaeum respectively (big. 187). These masses become 



Fig. 187 — Diagram showing Endoderm Forma 
tlQM IK Z.EPriPOPAMA according to Whbbibr 


U-shaped, and the arms of 
each U elongate and grow so 
that the two masses are joined 
by a pair of cell-strands. These 
latter grow together in the 
median line, and also extend 
laterally, so as to eventually 
extend round the yolk and 
form a complete tube which 
constitutes the mesenteron, or 
primitive mid-intestine. Some 
observers, including Hirsdiler, 
mamtam that a middle section 
of endoderm is also formed be- 


Tli« leotions on the right are taken across the germ band whet 
the JuMi bear similar lettering e, ectoderm, en, endoderm 

sr. MuWml owrvktM ms inMwwWtn 


tween the two original masses, 
A large number of competent 
embryologists state that the 


Widoderm is derived from the inner layer. This view is held for example by 
Kovalevsky and Escherich for CaUiphora, by Wheeler for PhyUodromia aim 
by Heider for HydrophUm, by Grassi, Petrunkewitsch, and 
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Nelscm for Apis and by Hirschler for Donacia. Another group of emteyo- 
logists hold that the two masses of cells are derived by cell-proliferation 
taking place at the blind ends of the stomodaeum and pr^todaeum. Its 
natural consequence is that the mesenteron is of ectoderinal origin. This view 
was upheld by Ganin, Witlaczil and Voeltzkow, but its chief modern supporters 
are Lecaillon (for Coleoptera) and Heymons (for Orthoptera and Dermaptera). 
According to Heymons the functional mesenteron of the Pterygota is of recent 
origin, and the original endoderm is now represented by yolk cells which 
are to be regarded as representing a vestigial mesenteron. This view has 
received support from Heymons’ discovery of the formation of the mesen- 
teron from yolk cells in Lepistna and Campodea, and from Claypole’s dis- 
covery of the same method of formation in Anurida. Tschuproli also states 
that in Odonata it is formed partly from the ectodermal invaginations, and 
partly from the yolk cells— the latter building up the middle section only. 
The view that the ectoderm produces the mesenteron in insects is completely 
at variance Avith what is known from a study of other classes of the ani mal 
kingdom. Definite proof is still needed to demonstrate that the cells around 
the blind ends of the stomodaeum and proctodaeum are actually derived 
from those invaginations, and not from cells of the inner layer which have 
become intimately associated with them at a very early stage. It is aJpo 
noteworthy that Nusbaum and Fulinski reinvestigated endoderm formation 
in Phyllodromia and Gryllotalpa, which were studied by Heymons, and came 
to the conclusion that it is derived from the inner layer. 

The Alimentary Canal. — The alimentary canal is formed in three 
sections. The anterior section or stomodeeum is constituted by an ecto- 
dermal invagination at the anterior extremity of the germ band, while 
the posterior section or proctodaum is formed .somewhat later by a similar 
invagination of the telson (Fig. i8i). The middle section or mesenteron 
develops as a sac (previously described) which is situated between the 
blind extremities of these two ingrowths. The establishment of a through 
passage, from the mouth to the anus, is brought about by the absorption 
of the intervening walls where they are apposed to one another. The 
Malpighian tubes develop as paired outgrowths of the proctodseum, at 
a stage when the latter is little more than a funnel-like depression (Fig. 
l8i). At first they often open directly on to the external surface of the 
embryo, but become carried inwards with further growth. Two or three 
pairs make their appearance and, in cases where a larger number is present, 
the additional tubes arise as diverticula of the primary formations. 

The Nervous System. — ^The beginnings of the central nervous 
system appear as a pair of longitudinal neural ridges of the ectoderm of the 
germ-band, about the time when the latter becomes segmented. They com- 
mence at the sides of the stomodaeum, and continue backwards until they 
unite behind the proctodseum. These ridges are separated by a median 
furrow — ^the primitive or neural groove (182, 189). A chain of cells forming 
the median cord is separated from the ectoderm lining the neural groove. 
The ectoderm cells forming the neural ridges become segregated into two 
layers, — ^an outer thin layer of dermatoblasts which forms the ventral body- 
wall and an inner layer of neuroblasts which forms the nervous tissue (Fig. 
176). When the embryonic appendages commence to appear the neural 
litres become segmented into definite swellings at the bases of the former, and 
ea<h pair of these swellings constitutes a neuromere. The intrasegmental 
jportions of the median cord and neural ridges give rise to the definitive 
ganglia, while the intersegmental portions of the ridges form the connectives. 
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In cephalic r^on the neural ridges expand into \>xmA'‘pocephtilk 
lobes, forming the future supra-oesophageal ganglion, and they b^me 
divided into three neuromeres corresponding with the three primary cephalic 
segments. These neuromeres are known respectively as the proto-, dewto- 
and tritocerebrum (vide also p. 62) : since the first two lie in front of the 
stomodaeum, they are prc-oral in position, while the tritocerebrum is post- 
oral since the commissure uniting its two halves (ganglia) passes below 
the stomodaeum. The optic lobes differ in their method of Wmation in 
different insects : thus in Orthoptera they are derived from neuroblasts 
and in Hymenoptera as infoldings of the superficial ectoderm. 

The neuromeres of the first three protocormic segments fuse to form 
the sub-cesophageal ganglion, while the remaining neuromeres constitute 
the ganglia of the ventral nerve cord. These latter are nine to eleven 
in number and subsequently undergo var5dng degrees of fusion in different 
insects. 


The frontal ganglion and the remainder of the stomatogastric system 
develop as invagina- 
tions of the dorsal 
ectoderm of the sto- 
modseum. 

The Tracheal 
System. — Shortly O' 

after the appearance 
of the neuromeres the 



tracheae appear as 
ectodermal invagina- 
tions lying just out- 
side the ba.scs of the 
appendages (Figs. 
181, igi). As a rule, 
eleven pairs are de- 
veloped, and they 
occur on the last two 
thoracic and first 
nine abdominal seg- 
ments. In Leptino- 
tarsa Wheeler has 
found indistinct in- 



Cb, cardiublast^ , DDpk, dor«>Al diaphragm Dl Mcl, dorsal longitudinal muscleu , 
Hyp, hypodermis » IF, fat body , Af/n/, mid intestine and its muscles AfclLnL 
After Nelson, 1915 


vaginations also on the loth and nth abdominal segments : in Apis there 
are no invaginations beyond the 8th abdominal segment. Each invagination 
gives rise to a T-shaped horizontal outgrowth, which extends longitudinally 
until it meets and fuses with those of the segment in front and behind, thus 
forming the main longitudinal trunks. The mouths of the original invagiiu- 
tions contract and form the spiracles. In Apis there is also a pair of invagina- 
tions on the 2nd maxillary segment which form the anterior prolongations 
of the main tracheal trun^ and subsequently close. After the main tracheal 
trunks are laid down branches therefrom extend inwards and, at the en^ 


of the finer vessels, certain cells separate from the tracheal epithelium and 
grow out in a stellate form towards the tissues. It is in these cells that the 
tracheoles develop as fine intracellular tubes : where the tracheoles invade 
the cells of different organs they are apparently formed by branches of the 
tracheal cells directly penetrating the cytoplasm. 

The Salivary Glands.— These appear as a pair of ectodermal ingrowths 






)Pto. 189.— Transverse Section of the Abdomen OF 
THE Embryo of Pbillodromia osrmanioa^ 

For lettering, vide Fig. 191. 



dfe an^ ’aiaxfflaiy^s^ (Figl i8a). As aidwA. 

Spirtiires apprewamate, and become drawn into the namith Wfcwe' 
toally open by a median pore. Caniere (1890) regards the Sahvaiy j 
as modified trachese, and their original invaginations as represraitmg ^ 

missing spiracles of w 
prothoracic segment 
have migrate forwanilir 
The Body-wall 
The body-wall is direc% 
derived horn the sr^ikv 
ficial ectoderm, aiid 
essential parts of tlbe 
organs of special sense are 
formed from the same 
layer. 

The Body -cavil 
Dorsal Vessel. — ^Thi 
mament body-cavity 
mences as a spao 
epineural sinus — ^whicllis 

mainly produced by the separation of the yolk from the embryo, over t 
region of the ventral nerve cord (Fig. 189). The process of separation 
extends laterally, and the walls of the coelom sacs are stated to break 
through in such a manner that their cavities become confluent, both with 
one another and with the epi- 
neural sinus. The common 
cavity thus formed extends 
upwards along with the meso- 
derm, on either side, until the 
formation of the body-cavity 
is completed. The upward 
migration of the mesoderm 
canies the cardioblasts with it : 
the latter subsequently meet 
along the dorsal line of the 
embryo, and arrange themselves 
in the form of a tube, which is 
the rudiment of the heart. A 
single layer of cells unites the 
cardioblasts to the somatic 
mesoderm on either side, and 
eventually gives rise to the 
dorsal diaphragm (Figs. 188, 

190). The aorta is formed by 
the union in the mid-dorsal line 
of the two coelom sacs of the 
tritocerebral segment {Donacia), 
or of the deuto-cerebrd segment 
{Forfkula, Apis ) : by its backward extension the devdoping aorta, coined 
to unite with the heart. 

: The Reproductive System.— The primitive gam cells in some insects, I 
lading Donacia, Chironomus and Miastor, are derived from special '* 

" situated at the posterior end of the egg. In some cases ' 



Fig. 190. — ^Transvbrsb Section of the Abdohbn 
OF THE Embryo of Petixodbotha UMBUASjsi 
WHERE THE GeRM>BAND IS BEGINNING TO GROWo 
AROUND THE YOUC. 

For lettering, vide Fig. xgi. 



th4»4lW#«|lfe AsuKog other insects the 

fen hwend to be derive from the mesoderm, but it is probable thfet 
thevare Hhewise segregated at every 
e)!^ ftage, only are not cabbie of 
jdhimitely identified until lator. 
ill any evmt they migrate to the 
ipaiH»nic mesoblast, coming to lie 
in the walls of the codom sacs — ^in 
the case of PhyUodromia in those of 
the fend to 7th abdominal segments. 

Ihe germ cells become surrounded 
by mesoderm, which forms the 
^enMdl ridges, and the latter fuse 
into a cell-strand Isdng on each 
side of the dorsal wall of the coelom. 

The primitive germ cells give rise 
to the sex cells, while the enveloping 
mesoderm produces all other parts 
of the gonads and their primitive 
ducts. At an early stage a sheet of 
cells, the filament plate, is differen- 
tiated, and connects the apex of the 
genital rudiment with the heart 
rudiment of the same side of the 
body. With the migration of the 







Fig. 191. — ^Transverse Section of the 
Abdomen op the Embryo of Parzto- 

naOMlA HEttMANIVA, AFTER THE YOLK HAS 
BECOME ENCLOSED BY THE GeRM-BANO. 

c, cceknn \ d, dorsal diaphragm ; #, endoderm ; as, opi^ 
neural sinus ; filament plate ; fb^ fat<body ; g, 
cells ; gd. rudiment of genital duct ; h, heart ; Im, ven- 
tral longitudinal muscles; n, rudiment of nerv«hoocd| 
«fg. neural gi^ve ; cardioblasts ; s, somatic mesodacm j 
$K splanchnic do. : sp, spirade. this and Figs. x6a. too 
after Heymons (with different lettering). 


dorsal line, the genital rudiments 
follow. Their primitive mets^ 
merism becomes lost, and it is only 
in later embryonic stages that sexn^ 
differences can be recognized. Jd 
the female the filament plate divi^ 
into eight strands or termiaai 
threads, and these are conneefr^ 
with eight divisions of the ovfet^ 
which represent the ovarioles. The 

* undivided basal portion of 

t.7,ta,abdomb»iiegmntt; genital rudiment gives rise to the 
;.***™.' Ll^' • fi ^ efierent duct of its side. Tht stud^ 

of Wheeler and Heymons on 

- optera and Dermaptera show tl^ 

. j^.gonoducts of the two sexes are homod}mamous rather than homologo^ 
^ptuctures, and each duct exhibits a primitive metamerism with 

on* the 7th and xoth abdominal segments (Fig. 192). Jn 



m EMBRYOLOGY 

Blatti<}as and in GryUus the primitive sexual openings itt the female axe 
those on the 7th segment and m the male they are those on the loth 
segment. In each sex traces of an original hermaphroditism may he 
exhibited in the retention of vestiges of a condition of the gonoducts 
which belongs to the opposite sex. In Forficula the openings of both 
sexes are on the loth segment, with ve.stiges of a former opening on the 
7th segment in the female 

Except in rare instances (vide p. 153), the p>aired mesodermal ducts 
acquire connection with a median ectodermal invagination. The latter 
forms the ejaculatory duct in the male, and the vagina and uterus in the 
female together with their appendices. 

Sequence of the Developmental Stages.— Data concerning the 
rate of development, and the time taken to arrive at the principal stages, 
are given in great detail by Heider for Hydrophilus and by Nelson for 
Apis Since the data for Hydrophilus concern a more generalized type 
they are quoted here. Heider divides the developmental period into three 
phases, occup3dng altogether ii days, and the most important facts Ipay 
be summarized as follows. 


X8T PHASE 


1st Day. 
2nd Day. 

3rd Day. 

4th Day. 

5th Day 
7th Day. 


Blastoderm completely formed. . 

Metamenzation of the germ band . formation of amniotic folds, pro- 
cephahc lobes, and middle plate 

Appearance of neural groove and antenna? . closure of amniotic folds. 

2ND PHASE 

Appearance of buctal and trunk appendages together with the stomo- 
da?um, which is followed by the proctodseum , appearance oi tracheal 
invaginations 

Elongation of appendages , mouths of tracheal invaginations reduced 
to rounded orifices representing the spiracles 

Elongation of neural gioove ; embryonic membranes ruptuie, exposing 
the embryo. 


During this phase the separation of the endoderm from the mesoderm 
takes place and the rudiments of the mid-intestine are formed : the meso- 
blastic somites and body-cavity appear, and yolk cleavage occurs. 


3RD PHASE 

End of 7th Day Appearance of dorsal organ. 

8th Day. Dorsal organ completely formed 
Qth Day, Pigmentation of the eyes 

loth Day. Eyes moic pigmented , mam tracheal trunks visible, 
nth Day. Embryo becximes strongly pigmented and exhibits movements beneath 
the chonon. 

I2th Day. Eclosion of the larva. 

This phase is one of histological differentiation and no new permanent 
organs are developed. 
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POSTEMBRYONIC DEVELOPMENT 
A. Metamorphosis 

E CLOSION from the Egg.— -The process of hatching or edosioS 
from the egg varies greatly in different groups. Some insects (e.g. 
caterpillars) simply eat their way through the embryonic membranes 
and chonon, while others rupture the chorion by body movements. , In 
the Odonata a peculiar pulsating organ, or cephalic heart, exerts preaure 
against the egg shell and forces up a caplike operculum, thereby providing 
for the exit of the insect Among Orthoptera the cervical ampuUa performs 
a similar function, which is aided by convulsive movements of the body. 
Many insects have special haichtt^ spines or egg-bursters In Leptinotam 
there are three pairs of these spmes on the body (Wheeler) : in Aphaniptelia 
there is a single spine on the head, and in the Pentatomids a T-shaped 
cephalic denticle. Among Anoplura and some Hemiptera the hatching 
spines are on the embryonic cuticle which is shed at the time of eclosion. 
In various other insects they are outgrowths from the cuticle of the first 
instar larva, or nymph, and consequently persist until ecdysis. The force 
employed in effecting eclosion appears to be muscular activity and Sikes 
and Wigglesworth (1931) claim that this action increases the osmotii 
pressure of the tissue fluids, and thereby causes absorption of flmd from the 
tracheae. This process allows of air passmg into the tracheae until the respira- 
tory system is filled In cases where the tracheal system is closed the frUing 
of the tubes is explained on the basis that gases in solution are liberated by 
the increase of osmotic pressure, already referred to 

Instar and Stadium.— Every insect during its growth sheds its skin 
one or more times, this process being known as a moult or ecdysis, the 
cast skin being termed the exuvta The intervals between the ecdyses 
are known as stages or sladm, and the form assumed by an insect during 
a particular stadium is termed an instar When an insect issues from the 
^ it is said to be in its first instar : at the end of this stadium the first 
e^ysis occurs and the insect then assumes its second instar, and so on. 
The final instar is the folly mature form which is known as the adult 01 
imago. 

Metamorphosis.— One of the most characteristic features of insects 
& the fact that they are almost always hatched in a condition morphologio* 
^y different from that assumed in the imago. In order to reach the lattei 
instar they consequently have to pass through changes of form which an 
Collectively termed metamorphosis. 

Some insects emerge from the egg in a form resembling the imago 
therefore, pass through no metamorphosis; such insects are described 
ai Amtabok. The Apterygota are usually regarded as being ametabol^UA 
' hot in some cases a shght metamorphosis is present. Ametabolous fonht 
occur among apterous representatives of the Pter}^ota, whose tnMt* 
yi^^lpmations have become reduced to such a degree of insignificanoe tjlM 

.so « 



'have^ooii'-' 
growth tod examines o?S 

Stamps ' “ **** ^ 

The majority of insects pass through a metamorphosis and. in contra- 








,' A'. 








species, are termed MeUM^ 
immature forms of animals which undena* 
larvae. Among insects it is customary and co^ 
distinguish two types of immature individuals, viz., nymj^ 

' / A may be defined as a young insect which quits the e gg {p ^ 
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relatively advanced stage of morphological developsnmt, and maiidy 
difiers from the imago in that the wings and genitalia are only present in 
an incompletely developed condition. The mouth-parts exhibit the same 
general t3rpe of construction as in the adult, while the compound eyes SuSer 
no arrestation of development and are functional. The growth from the 
nymph to the imago is a simple one and is unaccompanied % a pupal instar. 

A lama may be defined as a young insect which quits the egg in an 

early stage of mor- 
phological develop- 
ment, and differs 
fundamentally in 
form from the adult. 
The mouth-parts 
usually differ greatly 



in construction from 
those of the adult 
and compound wes, 
with scarcely any\ex- 
ceptions, are eimer 
wanting or non-func- 

A, inalc inugo B, nymph Trom Conibtock «/<«- Needham X Onai. IijC grOWvIl 

from the larva to the 



imago is by means of a complex metamorphosis accompanied by a pupal instar. 

Types of Metamorphosis.— The orders of insects exliibiting meta- 
morphosis are often divided into two main groups : (i) Hemimetabola and 
(2) Holometabola. 

I. HEMIMETABOLA, — ^This term is applied to members of the lower orders 


^or Exopterygota : p. 214) which pass 
often described as direct or incom- 
plete, A pupal stage is wanting, and 
the immature insects are referred to 
as nymphs. 

The degree of metamorphosis which 
prevails varies in different orders of 
Hemimetabola. In many cases the young 
resemble the adults 111 general lorm and 
mode of life (Fig. 193). Postembryomc 
development is consequently one of 
gradual growth, unaccompamed by any 
striking morphological change. The dis- 
tinctive feature of this type of meta- 
morphosis is the acquisition of wings and 
genitalia. Among the Plecoptera, Odo- 
nata and Ephemeroptera (Tug. 194) the 
nymphs differ from the adults 111 pos- 
sessing provisional organs. Since they 
live in water, while the imagines are 


through a simple metamorphosis 



Fk. 195 ' -Metamorphosis of a Weevic 
[T nwHOBAttiH triitotaia), 

0, imago , 6, larva ; r, pupa After Cbittenden, V,$, 
Dept Agnc Ent Bull 33 (ns) 


aerial, these differences are of an adaptive natuie and chiefly concern the respira- 
tory and locomotory organs. In the Thysanoptera, Alcurodidae and male Coccidae 
attempts, as it were, towards holometabohsm are evident in that an incipient pupal 
instar has become intercalated in the ontogeny. 


2. HOLOMETABOLA. — ^This term is given to members of the higher orders 
(or Endopterygota, p. 214) which pass through a complex metamorphosis : 
the young are larvae and the imago is preceded by a pupal instar (Fig. 195). 
Sudi a type of metamorphosis is often referred to as indited or compl^. 
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TYPES OF INSECT LARV-E 191 

lypet oi Insect Lsme. — In discussing the larval fcmns’of insects 
it is necessary, in the first instance, to consider the progressive develop* 
ment oi metamerism in the embryo. As a rule segmentation commences at 
the anterior extremity, and extends backwards, although there are modificar 
tions and exceptions to this sequence. Berlese 
(1913) recognizes three successive embryonic 
phases in the development of insects, these 
phases being based primarily upon the condition 
of the metamerism, viz., ptotopod, polypod, and 
oHgopod (Fig. 196). 

In the protopod phase metamerism is incom- 
plete, the abdomen being imperfectly differen- 
tiated and, if segmented, its metameres have 
not as yet acquired appendages. The digestive 
and nervous systems are in a rudimentary con- 
dition and the tracheal invaginations are unde- 
veloped. 

In the polypod phase the abdomen has acquired 
its complete segmentation and full number of 

appendages. The internal organs are further differentiated and tracheal 
invaginations are formed. 

In the oligopod phase the embryo has reached an advanced condition : 

the thoracic limbs have increased in size, and 
the evanescent abdominal appendages have dis- 
appeared. At the end of this phase the nymphs 
if of insects with incomplete metamorphosis issue 

from the egg. 

In general, insect larvae represent an arresta- 
tion in one or other of these phases when eclosion 
from the egg takes place. Larvae, therefore, 
generally issue from the egg at an earlier onto- 
genetic stage than nymphs. 

The various types of insect larvae may be 
conveniently classified with reference to the 
embryonic phases they most closely resemble in 
basic characters. 

I. PROTOPOD LARV.E.— This type is found in 
the primary larvae of certain parasitic Hymen- 
optera. The eggs of such species contain but 
little yolk and the larvae are compelled, as it 
were, to emerge while still in an early embryonic 
phase. Their survival is rendered possible from 
the fact that they occur in the eggs, or in the 
bodies, of other insects where they develop im- 
mersed in a highly nutritive medium. Protopod 
larvae are characteristic of the Platygasteridae 
(Fig. 197) where, in P. herrickii, the larva is 
little more than a prematurely hatched embryo, 
devoid of segmentation in the abdomen and with rudimentary and cephalic 
and thoracic appendages. The nervous and respiratory systems are as yet 
undeveloped, and the digestive organs are still largely in an embryoni? 
In the cyclopoid primary larva of other species of Platygasiter 


— TOi 



Fiq. 197 — Protopod ist 
Instar Larva of Piatt- 

BABTMR BMARIOKII, 

«. abdomen; al, antenna; m, man- 
dible, mu maxiHa, or, oral aper- 
ture, t, thoracic appendages Aftei 
Ktllagm 


(Fig. 198) and of Synopeas there is a greatly developed cephalothorax, 



powerfill jatm awH 

The 80H»]ted Ctt<»)ililarm tern of 

a specialized protopod type With grea^ devMfil^ 

thoracic appendages. 

2 . POLYPOD LARV^.— Typical examples of tti# 
type (Fig 199) are seen in the so-called 
larva of Lepidoptera, of sawflies and of scorpion dial. 




Fig 199 — ^Cruciform (Polypod) Larva of P/tjut bbuhuis 

J ^ Their essential features are the retention of abdominal 

it U limbs and the presence of a penpneustic tracheal 

% 2!^ system. The antennae and tWacic legs are but 

, j little developed and such larvae are relatively mac- 

PiG igs-tiRST 1.AR. tive.livmg in proximity to their food. The existence 
VAX, iNSTAR (Proto of a presumed polypod instar among endoparaatic 
voD) or PiAtroABtMB hymenopterous larvae is a recent discovery. \ It 

occurs m the Figitidae where there are ten pairs 'of 

abdominal appendages (James) : in Ihdta where there are twelve pairs 

(Chrystal) and in the ftoctotrypid Phanoserphus where there are eight 

pairs of such organs (Eastham). In the Figitidae the polypod mstar follows 

the protopod stage but, m the other examples, the 

latter phase is presumably passed through in the egg 

Owing to an endoparasitic mode of life the spiracles an 

undeveloped in these examples 

3. OLIGOPOD LARV.E— The oligopod type is mos 
typically represented in the campodeiform (or thysa ^ 

nuriform) larvse of many Coleoptera. Such larvae ar< 
hatched in a form beanng a general resemblance to th 
adults of Campodea, and other Thysanura, aind an 
regarded as representing a th3reanuran stage in th 
ontogeny of the speaes to which they belong (Fig 200) r ’ 

They are active predators seeking out their preyam 
have well-developed feeding, locomotory and sensor; 
organs, and an armoured integument. This type 0 
lai^, unlike the Thysanura, never bears abdomina '-JTJrir 
ai^ndages and Berlese regards it as representing th 
digopod phase, and therefore a post-thysanuran stage 
in development. Nymphs closely resemble campodei 
form larvae but represent a more advanced conditio: 
of the oligopod phase, having, for example, compoim< Tr 

eyes and often dorsal ocelli as in the adults. Primitiv 
examples of campodeiform larvae are foimd in th 
Adephaga, Staphylinidae, the first instaur of Manttspa n ^ 

in the Meloidae and Strepsiptera : they are also ver ' ' 

characteristic of Neuroptera. Among Coleoptera there 200 — Caiifoo 4»* 

exlist numerous larval types, some of which retain the form (Oligofos^ 
amoured integument and reduced facies of the campo- (PM^m 

ddform larva (many Divetsicomia and Heteromera). tMBB F/moi). 
Oth«B exhibit a ma rked a noro a rli to the enidfnrn} iimt . 



type, kn ihet they are fleshy SAd unameuied (lamelUcom&). Others, 
again, axe more deg^rate with ^eatly reduced locomotory and sensory 
oiganSi.asd lead an inactive life amidst an ample supply of food (Elateridae, 
Ceraml^cidae, Bruchidas). They are obviously specialized oligopod forms 
derived by modification from the campodeiform t3q)e. This conclusion is 
borne out by spedes undergoing hypermetamorphosis (e.g. Meloidse, Rhipi> 
phoridse, Aleochara, etc.), where the active campodeiform first instar is fol- 
lowed by one or more instars showing degenerate oligopod facies (Fig 201). 

4. APODOUS i-ARV.®. — In this type the trunk appendages are completely 
suppressed and, in the vast majority of cases, it is derived from the oligopod 
phase. Among Coleoptcra the apodous conation occurs in several families 
and, in the Bruchidae, it is preceded by a degenerate oligopod instar, while 
in the Curculionidse the last rudiments of thoradc hmbs are retained as 
sensory protuberances in Phytonomus (Perez, 1911). In the H3anenoptera 
the apodous condition occurs in all larvae of the Apocrita— traces of an 
oligopod stage have been detected m Polysphtncta amd certain other of 



the Ichneumonoidea. In the Symphyta a long series of trainsitional forms 
occur from t3?pical polypod types to oligopod forms, finally culminating 
in the apodous larva of Oryssus. 

In Diptera the lauvae are adways apodous but bear three pairs of sensory 
papillae in direct relation with the developing imaginad leg-buds — thus they 
occupy the positions of amcestral thoradc limbs of which they aire t^ 
trainsformed vestiges (Keilin, 1915). Dipterous larvae are, therefore, to be 
regau'ded as highly spedalized derivatives of the oligopod type. A dearly 
defined polypod phaise in this order hais become obhterated from all stages 
in the ontogeny. 

It needs to be remembered that not every laixva hatches in a condition 
exactly compairable with one or other of the embryonic phaises ailluded to. 
Intermediates au'e numerous amd, furthermore, the ancestrad forms of lau'vae 
are liable to be masked by superimposed adaptive secondary modifications. 

Hypermetamorphosis. — When an insect in its development paisses 
through two or more markedly different larval instars it is said to undeigo 
i^^permetamorphosis (Fig. 201). This phenomenon is auxompanied as a 

13 
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rule by a marked change in larval life. In the majority of instances of 
hypermetamorphosis the first larval instar is campodeiform. During this 
stage it seeks out its future pabulum and having discovered it undergoes, 
in its subsequent instars, morphological transformations which adapt it to 
the changed mode of life. 

Since various examples of h3q)ermetamorphosis are described under 
the several families concerned they need not be discussed here, and only 
the principal instances are enumerated below. 

NEUROPTERA. MafiHspa. 

COLEOPTERA. Carabidse {Lebia scapularis). Staphylinidae {Akochara 
spp.) Meloidae. Rhipiphoridae. 

STREPSIPTERA. All SpecicS. 

DIPTERA, Bombyliidae. Cyrtidae. Nemestrinidac. Some Tachinidae. 

HYMENOPTERA. In all the chief groups of Parasitica. 

HEMiPTERA. Coccidae — Margarodes and allies. / 

Ecdysis. — ^The more or less ripd integument is ill adapted for accom- 
modating itself to the increase in size of an insect that is consequentmpon 
growth, and is therefore periodically shed. During each act of eqdysis 
not only the general cuticle investing the body and its appendages islcast 
off, but also the lining or intima of the tracheae, fore- and hind-intestine, 
glands, etc. All these parts, together with hairs, scales, and .similar stW- 
tures, are renewed by the hypc)dermal cells underlying them. 

Tlie actual process of ecdysis has been described % Tower (iqo6) in 
Coleoptera, Wachter (1930) in Lepidoptera, Wigglesworth (1933) in Hemip- 
tera and by others. It first becomes evident by the swelling of the hypo- 
dermis whose colls undergo mitosis and multiply. During this phase the 
h3qx)dermis becomes separated from the cuticle and the exuvial glands 
(p. 148) become actively functional. The hypodermis first lays down a new 
epicuticula over its entire surface and the exocuticula is formed beneath soon 
afterwards. These two cuticular layers participate in the formation of new 
hairs, scales, etc. , which replace the old. Such organs lie compressed beneath 
the old cuticle and very possibly exercise a function in loosening it. Ver- 
hoeff contends that many of the spinous processes of certain pupae serve a 
more important function in loosening the old larval skin, than in aiding 
pupal locomotion. The ducts of the exuvial glands extend through the 
new cuticle and the moulting fluid, that is discharged, dissolves much of the 
old skin so that it becomes greatly reduced in thickness. What is left of 
the original cuticle is consequently separated from the new cuticle by a thin 
film of fluid. The old skin becomes completely detached from the new and 
eventually ruptures — usually along the back of the head and thorax. The 
anterior extremity of the insect is protruded through the fracture thus 
formed, and the exuviae is worked backwards towards the caudal end of 
the body where it is cast ofl. The moulting fluid corrodes and softens the 
old skin rendering it more flexible. When first cast off it is possible to 
extend the old skin to its former length, but the moulting fluid which bathes 
it quickly hardens and the skin soon becomes rigid. In cases where the 
cuticle is of extreme tenuity, as in parasitic hymenopterous larvae, the 
shrivelled skin often remains around the hindmost segments of the body ; 
several of the superposed exuviae are sometimes observable in this condition, 
and are recognizable by the remains of the head-capsules of previous instars. 

After ecdysis the exocuticula hardens, rapidly deepening in colour, while 
the new endocuticula becomes formed beneath it. 

A Very widei^^e of variation is exhibited with regard to the number of 
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ecdjrses undergone by different insects. Thus according to Gfassi there is 
only a single fragmentary ecdysis in Campodea and Japyx, whUe the may-fly 
Chloeon was found by Lubbock to moult twenty-three times. ALmost every 
transitional condition is met with between these two extremes, but, as a 
general rule, the number of eedyses is five or six. In the Diptera Cydorrhapha 
and Neuroptera Planipennia, two eedyses only are very constant while 
among Lepidoptera the number is extremely variable : in some species it 
may be as high as nine and in others as low as three. It may also vary within 
the limits of a single species as in Arctia caia. The factors deter mining 
the number of eedyses need investigation and it is at present impossible to 
judge how far they are phylogenetic in significance, and how far they are 
an expression of internal physiological processes in the species concerned. 

Some insects undergo ecdysis almost immediately after leaving the egg. 
The Collembola are stated to be exceptional in that eedyses occur after 
attaining sexual maturity and the Ephemeroptera alone exhibit the unusual 
feature of an ecdysis taking place after the insect has acquired functional 
wings. With these exceptions ecdysis is confined to the pre-imaginal instars. 

Dyar's Law . — Dyar (i8qo) has shown from observations on the larval instars of 
twenty-eight species of Lepidoptira that the head-width follows a regular geometrical 
progression in successive instars. Since the head is not subject to growth during a 
stadium it is possible, by means of accurate measurements, to determine whether an 
ecdy.sis has been overlooked or not during life-history .studies. In the example 
below the observed and calculated head-widths in mm. in the seven larval instars of 
Hahsidota harrisn WaLsh are given. Hy dividing each observed number in the series 
by the one which x>reccdes it a ratio of increase in each instar is found ; the average 
of tlie.se ratios for the example given is i'44. 

Calculated Widths Observed Widths, 


Width 

observed 

in 

ist 

instar 



•4 

*4 

Calculated width 

in 

2nd 

II 

( -4 

X 1*44) = *57 

•6 

•6 

It 

II 

II 

3rd 

II 

( -57 

X 1*44) == -Si 

•9 


II 

It 

II 

4th 

It 

( .82 

X 1*44) ^ I *18 

1*4 

1-3 

II 

II 

II 

5th 

II 

(i-i8 

X 1*44) = i-6g 

1*6 

1*7 

>• 

II 

II 

t)th 

• 1 

(itK) 

X 1*44) - 2-43 

2*3 

2*6 

II 

II 

II 

7 th 

II 

(-^’43 

X 1*44) - 3-49 

3*5 

3.6 


It will be noted that the approximation of the observed to the calculated measure- 
ments is sufficiently close to preclude the probability of an ecdysis having been 
overlooked. The “ law ’’ applies also to saw-fly larva* and Collembola. 

Growth. — The larval and n5Tiiphal periods are pre-eminently ones of 
growth. The rapidity with which this process takes place, and the great 
increase in size that accompanies it, are particularly evident in many 
holometabolous insects. Growth, however, is interrupted at each ecdj^sis, 
and just before that process occurs an appreciable fall in weight takes place. 
A comparison of the weight of a mature larva with that at the time of edo- 
sion from the egg has been made in several species. Thus Trouvelot found 
that the silkworm TeUa polyphemus when fully grown is 4,140 times its 
original weight. In the larva of the bee A nthophora retusa the corresponding 
increase is 1,020 times (Newport) ; in the larva of Cossus cossus, which lives 
for three years, it is 72,000 times (Lyonnet) ; in Sphinx ligustri 9,976 times 
(Newport) ; in the silkworm Bom^x mori the increase varies according 
to racial and other factors between about 9,100 times and 10,500 times. 

The most complete data available concerning growth is in the case of the mulberry 
silkworm (vide Rep. Imp. Sencult. Inst. Tokyo, igio). On hatching 100 larva 
were found to weigh -038 grm., and their subsequent growth, given in tabular form, 
is as follows. (Hie figures are per 100 larva.) 
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Intttt. 

Liv«*Rr«iglit at maxi* 
mum pomt of growth 

Inereaae of liva wehsht 
over that of newly 
hatched Utvib. 

Average 

length. 

* lh»0Ma«e m le ,, 
that ol mvAv 
larv«. 


grm 

times 

cm 

times 

zst 

54 

12 75 

•575 

I 90 

2nd 

2 65 

68 31 

1-152 

3 80 

3rd 

14 88 

343 28 

2 048 

736 

4th 

80 22 

1818 22 

4279 

14 12 

5th 

35644 

9126 21 

7 222 

23 80 


The relation of the weight of loo larvae to the quantity of food eaten and digested 
is as follows (average of three races) — 


Instar. 

No of days 
in instar 

Weight at end 
of instar. 

Dry weight of 
food eaten. 

Weight of 
excreta 

W< ight of 
digested 
food 

Digested 
food per 
loo grm 
of 


d h 

grm 

grm 

grm 

grm 

in 

XSt 

6 I 

52 

30 

15 

15 

5V5 

2nd 

5 3 

2 67 

1 32 

59 

72 

54\73 

3rd 

5 6 

12 78 

653 

3 69 

2 80 

42W 

4th 

7 I 

56 86 

29 47 

18 96 

10 50 

34 ^ 

5th 

7 10 

256 64 

190 36 

12941 

60 27 

31 7 ^ 

lotals 

30 21 


227 99 

153 53 

7446 

32 74 


According to Hiratsnka (1920) the data vary according to the sex of the larvae 
The amount of fresh leaves consumed by 100 larva: (both sexes) in the 1st mstaur was 
found to be I 48 grm and m the 5th instar the same number of male larvae consumed 
98b 33 grm and of femade larvae 1182 20 grm The greatest activity in tissue-buildmg 
is m the 1st instar • at this period the live-weight increauses threefold m 24 hours, 
but afterwards the rate of growth graduailly falls as age advances 


The Pupa. — The name “ pupa ” signifies "baby” 
and was given by Lmnseus to the chrysahs of Lepi- 
doptera on account of its resemblance to an infant 
which has been swathed or wrapped up as is customary 
among certain peoples The term pupa is now used 
with reference to the resting inactive instar in all holo- 
metabolous insects Dunng this stage the insect is 
incapable of feedmg and is quiescent. It is to be 
rcgaided as an acquired transitional phase during 
wluch the larval body and its mtemal organs are 
remodelled to the extent necessary to adapt them to 
the requirements of the future imago. Although nor- 
mally motionless, many pupae possess a limited capa- 
city for locomotion which becomes evident towards 
the end of the stadium, when it facihtates the emer- 
gence of the perfect insect. 

ITiree types of pupae are generally recognized. 

(l) THE EXARAIE OR FREE PUPA (Fig. aOS). — In 
this t 3 q)e the wings and legs are free from any 
secondary attachment to the body and such pupae 
exhibit a greater capacity for movement tham other 
types. Exarate pupae are characteristic of adl the 
lower Endopterygota, including the Neuroptera, 
Mecoptera, Coleoptera, Trichoptera, and the Micropterygidae among Lejii- 
4c$itera : they are al^ found throughout the Hymenoptera. 



Fig. 202. — Exarate 
OR 1«REB Pupa of a 
Hymenoptlron 

(ICHKBUMONID^) 

X^ATBRAi. View. 
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tas fiVTBCT PWA (Fig. 20^.— In this type the wings and legs ate 
gnnly snUtex^ down to the body by the moulting fluid after the final 
larved ecdysis. Obtected pupse are characteristic of Lepidoptera and 
are also found in the Diptera Orthorrhapha, and in 
jjn^S'Sjk the Staphylinida and Coccinellida among Coleoptera. 

(3) THE COARCTATE PUPA (Fig. 
ft \ I / n, 204). — In the Diptera Cyclorrhapha 

y\ « n Jjj the last larval skin is retained as a 
' VU 1 I III covenng to the pupa, becoming 

’ {jll hardened and completely separated 

■ *Uu III from the insect which it encloses. 

in 11 This pupal covering or capsule is 

* \\ I // known as the puparium, and pupa 

\\1 li i protected in this maimer are termed 

t ^ p J coarctate. As a rule puparia an 

cylindrical or barrel-shaped and 
jP*' j they betray no outward indicatior 

^ developing insect within. 

^ ^ Mention has been previousl} 

f, ' ■ made of the locomotoiy capacity o; 

V "w pupae. Among some Neuroptera in Fig *04— Coarc- 

\ ** j eluding Raphtdia, Hemerohius and * 

Chrysopa the pupae regain consider th^^idak). ** 
able activity before the final ecdysis Dorsal View. 
Fio. 2031 — -Ob TEC and are able to crawl about. Those 

Pupa OF a Lepidoi of certain of the Trichoptera exhibit adaptive modifi 

cations which enable them to swim to the surface 0 
the water to allow of the exit of the imagines. L 
the Culicidae and certain Chironomidae the pupae are active throughout th 
instar, and axe capable of vigorous swimming by means of caudal move 
ments. Movements of a less pronounced character are exhibited by man; 
pupae which occur in the soil, in wood or in stems. In cases of this kini 
they are commonly aurmed with spines or denticles which facilitate thei 

movements towards the exterior 

when the time for the emergence c 

the imagines approaches. \ 

The Prepupa. — ^The existent t 1 

of am instar between the last larvj 
and the pupal stadia is sometimt jt 3 

overlook^. Neaur the end of th ^ { I 

lauval period the insect prepart J 

itself for transformation into th jp n — ■—{ 

pupa, usually constructing a cocooi V-'~y 
cell, or other form of protection, . ^ 

brief period of quiescence then fo ^ ^ 

i™..» ...i,:..!, S05 .— External Changes dvrim 

lows which mairks the prepup, Prepopal ano Pupal Inatars of Fommic 

instar (Fig. 205). At this perio HUJfA, 

the wings and appendages becomj Aptepupa; B.cha^ii .,^i^q^p«. j,i*rvai*kvi 
everted from their sacs, and lie for 

the first time outside the body, where they au:e found beneath the old 
larval cuticle which still persists. The thorauc becomes modified and 
other chamges in the general form of the insect are assumed. In Hymen- 
optera, for example, it is at this period that tlie first abdominal segment 


Fig. 2031 — Ob TEC 
Pupa OF a Lepidoi 
TERON (NoCIUID.®) 
VaNxEaL ViEvv. 


Fio. 205. — External Changes durin 

pRBPUPAL AND PUPAL iNbTARS OP FoMMiC 


A, prepupa; B, change li ^^Jpa; Cppupa^ /jArvalskta 
After Pt^rez. xooa. 
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becomes amalgamated with the thorax. The old larval skm is ultimately 
cast txS. and after a short interval the more lengthy resting stadium of the 
pupa is entered upon. The prepupa represents a greatly abbreviated 
instar during whidbi an ecdysis has been suppressed. 

Pupal Protection.— During transformation into the pupa and through- 
out the latter instar insects are particularly vulnerable. Since at these 
periods they are provided with exceedingly limited powers of movement 
and no means of defence, special methods of protection are necessary. 
Most pupa: are concealed in one way or another from their enemies, and 
also from such adverse influences as excess of moisture, sudden marked 
variations of temperature, shock and other mechanical disturbance. Pro- 
vision against such influences is usually made by the larva in its last instar. 
Many lepidopterous and coleopterous larvae burrow beneath the ground and 
there construct earthen cells in which to pupate. The larger number 
of insects, however, construct cocoons which are special envelopes fcjrmed 
either of silk alone, or of extraneous material bound together by means 
of threads of that substance. Thus many wood-boring larvae utilize chips, 
larvae which transform in the ground select earth particles : many Arotiad 
lairvae use their body-hairs and Tridioptera use pebbles, vegetable frag- 
ments, etc., their larval cases functioning as cocoons. In these instai^ccs 
the substances are held together by means of a warp of silk auid worked 
up to form cocoons. A large number of other insects, including some of 
the Neuroptera and Trichoptera, many Lepidoptcra and Hymenoptera 
and the Aphaniptera, utilize silk alone in forming their cocoons. Great 
variations exist in the colour and nature of the silk and in the texture and 
form of the completed cocoons. The densest and most perfect tjrpes of 
cocoon are found in the Satumiid®, while the other extreme is met with 
in the Papilionina, where the pupa may be suspended by its caudal extremity, 
which is hooked on to a small pad of silk representing the last vestige of 
a cocoon. Exposed pupae of this t3^e are commonly protectively coloured. 
Among the Tenthredinidae cocoons of a parchment-like or shell-like con- 
sistency aure frequent : in some cases the outer cocoon encloses an inner 
one of more delicate texture. 

In the Diptera Cyclorrhapha a cocoon, with very rare exceptions, is 
wanting, auid the hard puparium forms the sole protection to the pupa. 
A cocoon is adso wanting in the Chalcidoidea. 

Emergence from the Cocoon. — Many insects upon issuing from the 
pupa leave the case or cuticle of the latter behind, and gnaw their way 
through the wall of the cocoon by means of their mandibles. This is the 
prevalent mode of exit among Coleoptera and Hymenoptera. In other 
cases the pupa is provided with mandibles which perform this same func- 
tion, as happens among the Neuroptera and Trichoptera and Micropuryx. 
In other examples the pupa ruptures the cocoon by means of a special 
cocoon-breaker which takes the form of a spine or spines on the head, 
or at the bases of the fore-wings : or the cocoon may be softened by a 
secretion exuded from the mou^ of the imago. These and other methods 
of emergence are further dealt with imder the order Lepidoptera. 

Eclosion of the Imago. — As the time for the eclosion of the imago 
approadies the pupa noticeably darkens in colour. In some of the more 
transparent pupae of the Papilionina the colours of the imago are distinctly 
observable a dhort period before its emergence. When the time for the 
btter arrives, the contained insect, by means of convulsive movements 
of its legs and body, succeeds in rupturing the pupal cuticle. A longitu- 
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dinal fracture occurs do\m the bade of the thorax, and there are oftea 
other fractures in the region of the legs and elsewhere. The insect wi^- 
draws its ap- 
pendages from 
within those of 
the pupa and 
emerges com- 
pletely formed 
except for the 
wings. It crawls 
up the nearest 
available sup- 
port and there 
rests in such a 
position that 
the folded 
miniature wings 
are inclined 
downwards. 

By the influx of 
blood from the 
body, and pres- 
sure exerted 
upon that fluid 
by muscular 
action, the com- 
plete expansion 
of the wings is 
rapidly ac- 
quired (Fig. 

206) • During this prelimin- 
ary phase drops of liquid 
(the meconium) are dis- 
charged from the anus : 
they represent the waste 
products of pupal meta- 
bolism, and in Lepidoptera 
are coloured with residual 
pigmentary matter which 
has not been utilized. A 
short period elapses after 
eclosion before the insect is 
able to make its trial flight. 

Thetimeof emergencevaries 
greatly in different species. 

In some Lepidoptera, for 
example, it occurs in early 
morning and in others to- 
vwds evening : . at such 
times th^ may sometimes 
be obseived resting upon tree trunks, etc., awaiting their normal hours of 
activity. 'Among certain aquatic insects the imago is able to take to the 
wing almost immediately after eclosion. 
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Orl^ of the Pupal laatar.'—The pupal instar is to be ngarded ps a 
prolongation of the shorter period of inaction whidi frequent accompanies 
each ecdysis. Among the Isoptera one of these quiesc^t phases becomes 
a pronounced feature in the ontogeny of many of the species. Thus, in 
several species of Termes Bugnion has observed that the workm and 
soldiers pass through a period of hypnosis lasting seven or eight daj^, 
during which the transformation into the final instar is accomplished. 
While the insect is in this condition its head is downwardly flexed upon 
the thorax, while its antennae and legs aure directed backwairds along the 
ventral surface. The quiescent phase is even more pronounced in Rhino- 
termes iaurus (Fig. 207) auid prefigures, as it were, the primitive t3q)e of 
exarate pupa. A simfiar phase has been noted during the final trans- 
formation into the winged form in other termites. The incipient pupa 
of the Thysanoptcra is a definite aind more lengthy resting phase which 
likewise precedes the appearance of the imago. j 

In the above instances, however, the wing-rudiments remain eter- 
nally to the body throughout their growth. It is consequently evment 
that a further evolutionary stage has to be passed through, beforeTthe 
conditions of wing-growth which precede the true pupa 
of the Endopterygota are arrived at. Among the 
latter insects the wing-rudiments sink within the body 
from tlie beginning, and their outward appearance is 
postponed until after the last larval instar. A near 
approach to the endopterygote condition is aiforded 
by the Alcyrodidae and the males of the Coccidafc. 
An Aleyrodid, in its last larval instar, settles down 
upon a leaf and ceases to feed, while the cutidle 
separates from the body without actually being cast 
off. The wmgs are derived from internal buds which 
become everted and the insect, at this stage, is a 
quiescent nymph or rudimentary pupa which is pro- 
tected by the persistent larval cuticle. The latter 
eventually dehisces to allow of the eclosion of the 
imago In the males of the Coccidae rudimentary 
prepupal and pupal instars are present. The wings, 
however, develop externally, but the adult limbs are 
new formations derived from imaginal buds. Some further observations on 
this .subject are given under the families concerned. 

The endopterygote condition is derived from the sinking in of the 
wing-buds with the result that their outward appearance becomes more 
and more delayed. The prepupal mstar is to be regarded as a survival 
from exopterygote ancestors and it is noteworthy that occasional atavistic 
larvae are found among Endopterygota (e.g. in Tenebrio moUtor, etc.) in 
that they bear external wing-buds. 

On a previous page it has been pointed out that insect larvae are often 
hatched in an earlier stage of developmrat than nymphs. In the former th« 
imaginal wing-buds ao:e internal and in the latter they are external The 
nymphal period corresiionds to the pupal stadium of the higher insects, the 
obvious difference being that the nymph is active and seeks its food while 
the pupa is quiescent and does not feed. If this comparison be correct 
it follows that several instars and ecd3rses have been eliminated from the 
ontogeny during the pupal stadium, and that the latter consequently 
f^resents an example of abbreviation of development. 



Fig. 207. — Quiescent 
Nymphal Phase of 
A Termite (Rhiro- 
fMRMrs) 

After Holmgreo, Zoot^ 
Jahrb* Sysi, 23. 
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B. The Developmeiit of the Imago 

The Cuhninatin^ feature of metamorphosis is the formation of the 
imago.' The characteristic distinctions between hetero- and holometabolous 
insects with regard to the manner of development of the perfect insect 
have already been pointed out. In the Hemimetabola it is accomplished 
through a gradual series of external and internal changes and alterations 
of form, wliich may be traced back to simple growth during the n3mphal 
instars. In the Holometabola the transformation from the larva to the 


imago is accomplished through the intercalation of a quiescent or pupal 
instar. Since the latter method of development involves complicated 
ontogenetic changes a more detailed con- 
sideration is necessary. These changes 

may be discussed under two headings — jf QQ''V^ 

(i) the development of the external form > — 

of the imago and (2) the development of / „ ^ \ I 

the internal organs. / * '[/ i ^ I 

1. The Development of the Exter- \ 

nal Form of the Imago. — The forma- / 

tion of the body and its appendages lIlNH i mmSm 

becomes evident in the larval penod and a) \h 

attains completion during tlie pupa. The THl / \ Ik 

principal agents in the process are certain „ yl / i 

masses of formative cells variously known -v” Ik 
as imagmal buds, imagtnal discs or hist(<- 
blasts (Fig. 208). They arise as shght Mi 1 

folds or thickenings of the hypodermis, L 

and their cells exhibit the potentiality of ^ ^ 

embryonic tissue. On the iimcr aspect of 7/l\ 
the imaginal buds are found loose cell '"•-. I h IL-'-v 

accumulations often referred to as mesen- III if 

chyme. The origin of these cells has j) B J' 

been much disputed, and it is behoved (f 1, ^{f 

by most authorities that they are denved 11 tl ‘ ^ 

from the embryonic mesoderm : by // * (| 

others it is mamtained that they are . 

formed by the delamination of the ecto- 

derm of the imaginal buds. showing Imaginal Buds 

The usual time of appearance of the », brew, «, midmtretme; v protiwrec* 
imaginal buds is during the larval 

stadia, but in the higher Diptera they Fremroi»w.£.*wwiw. 


are already evident in the late embryo. 

These structures are present for each part of the body, including the appeiv- 
dages of the head, the wings, legs, genitalia, and the hypodermis of the 
abdomen. They usually appear as evaginations from previously developed 
h}q>odermal pockets. Ibe entrance to the pocket narrows or closes up, 
and the space surrounding the imaginal bud is the peripodial cavity, whose 
wall is known as the peripodial membrane : the latter is continuous with 
the general hypodermis (Fig. 33). As the imaginal buds devdop the 
peripodial cavities enlarge accordingly and the peripodial membrane be- 
comes attenuated. The mouths of the cavities eventually open and thf 
buds commence to protrude : with the assumption of the prepupal instai 
the latter are completely everted and appear outside the body. A more 
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detailed account with respect to the development of the wing buds is given 

on p. 38. 

The imaginal buds are exhibited in a relatively simple condition in 
the larva of Anopheles. Those of the head appendages appear at the 
bases of the existing larval organs which they are destined to replace, 

and the imaginal head is formed 
within that of the larva. The 
largest buds are those of the an- 
tennae, and, of the buds of the 
mouth-parts, the most conspicu- 
ous are those of the future 
labrum, maxillary palpi and 
labium. In the thorax two pairs 
of imaginal buds are present on 
each segment — a dorsal pair and 
a ventral pair. The dorscU im- 
aginal buds give rise to the pupal 
respiratory horns, the wings^ and 
the halteres in their re.spective 
segments. Each pair of ventral 
buds forms the legs of its seg- 
ment. In the abdomen there is 
a conspicuous pair of dorsal buds 
at the anal extremity winch forms 
the pupal caudal lamellaj. 

The researches of Weismann 
(1864-66), Kowalevsky (1887), 
van Rees (1888), Pratt (1900), 
Vaney (1902) and others have 
shown that the imaginal buds 
attain increasing complexity in 
the passage from tlie lower to the 
higher members of the Diptera. In the Cyclorrhapha they are deeply 
sunk into the body, and it is often difficult to trace their connections with 
the hypodermis owing to the peripc dial membrane being reduced in each 
case to a greatly attenuated cord (Fig. 209). In Melophagus the buds, 
although superficial in position, become disconnected from the hypodermis 
(Fig. 210). 

The most complex feature is exhibit( 
in the imaginal buds of the head : tl 
development of the latter is associated wil 
the position of the cerebral ganglion in tl 
larva, and the fact that the larval head 
no longer able to accommodate the develo] 
ing head of the imago. In Chironomi «' 

Miall and Hammond (1892) have shov 
tW the cerebral ganglion lies in the larv: 
prothorax, and the imaginal head is formed 
in relation with the former centre. In a larva about half an inch long, 
the hypodermis becomes infolded along two nearly longitudinal lines, cor- 
responding to the margins of the larval dypeus. The imaginal buds of 
^ compound eyes and antennae arise from the iimer extremities of these 
CN|ihalic ^ 1 ^ and are thus far removed from the surface. The folds 
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MxLOPrrAot 

After Pratt, Proc , Boston Soc iYol. Hu 



Pig. 209. — Imaginal Buns op the Larva op 

CbOHIOPBIH BRASSttJB SHOWING THP FlI A- 
MENious Pedicels connecting them wuh 
THE Hypodermis 

Di-Uj, leg buds, d,-rfa, cutaneous stnsoiy organs (vestiges 
ol larval legs) ; wing bud , y, bud of h*iltpre , ( , bram , N, 
ventral nerve centre x 36 On the U ft — imaginal bud D 
of the fore Ug with its ptdiccl p x 75 After Koilin, 1915 


IMAGINAL HEAD IN DIPTERA 


ao3 


gradoaBy actend backwards into the prothorax until the imaginal buds 
referred to become closely related to the cerebral ganglion. The posterior 
prolongation of the folds is accompanied by the formation of a transverse 
fold which runs back from the junc- 
tion of the larval head and prothorax 
(Figs. 2II and 212). During the change 
to the pupa the parts of the head, thus 
formed in the larva, assume their final 
exterior position by a process of ever- 
sion, with the result that the now 
evaginated folds form the wall of the 
imaginal head and carry the eyes and 
antennae with them. 

In CaUipJiora, according to Weis- 
mann and Van Rees (Fig. 213), the 
head becomes invaginated during the 
later embryonic period into the region 
which follows it, and its outwardly 
visible portion is reduced in the larva 
to a small apical papilla. The in- 
vaginated part of the head forms the 
so-called larval “ pharynx ” and the tine mouth opens into the posterior 
end of this pouch.. A pair of cephalic buds extend as diverticula from 



•ets. 


Fig 2 f I . — ^Transverse Section through 
THE Junction op the Head and 
Pro THORAX of a Cmironomus Larva 
SHOWING Invaginations for Imaginal 
Head. 

c. 111 val cuticle ; /, longitudinal fold ; a, anteana of 
imigo; dVt dorsal vesstl; os, ojsophagua. Aptr 
Miall and Hammond, 



Fio. 212. — ^Formation of Imaginal Head in Larva of Cmironouvs, 


A, The new epidermis thrown into folds, which have been cut away m places. B, The ^me parts m horizontal sectioa s 
fe, larval cutiUe ; #./, transverse fold ; t /‘, upper wall of ditto ; epidernus ; m, cut edge of new epidermis ; anf , larval 
antenna ; «.n, nerve to ditto ; ant^, antenna of fly ; I /, longitudinal fold ; o, eye of fly ; on, optic nerve ; a «», root of 
antennary nerve ; br, brain ; as ossophagus ; b, enlarged second joint (bulb) of antenna of fly ; s, «, s\ blood-spacaa* 
AJtsr Miall and Hammond. 


the so-called phaiynx to the cerebral ganglion (which is located in the meta- 
thorax), and the imaginal eyes and antennae develop from the iimer wall 
of each sac. During the pupal stage the cerebral ganglion and cq;>ha 1 ic 
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bods move forwards tmtil die fonner cmne to lie in the prothonuK. 4t 
die same time the openings of the buds into the phai^mx " wid^, and 
idtunatdy both the pharynx and ite diverticula become confluent^ fonh* 
jng a single sac or cephalic vesicle (Fig. 213 c). The latter is finally everted 
through the mouth of the pharynx, and becomes turned inside out to form 
the completed imaginal head very much as in Chironomus (Fig. 213 n). 
In the embryo of Melophagus Pratt states that the cephalic buds, which 
ultimately form the adult head, develop as paired dorsal and unpaired 
ventral diickenings which later on become invaginated. The dorsal pair 
corresponds to the cephalic buds of Calliphora : they are destined to form 
the dorsa and lateral portion of the imaginal head together with the com- 
pound eyes. The ventral 
cephalic bud has no counter- 
part in Calliphora : it fomas the 
floor of the imaginal head to- 
gether with the proboscis^ In- 
volution of the embryonic head 
takes place as in Callipfma 
and the cephalic buds become 
drawn into the seconds 
“ pharynx " thus developed 
(Fig. 214 A and b). Owing to 
the early fusion of the dorsal 
buds the cavities of the latter 
open into the pharynx by a 
common connection, but they 
retain their paired formation 
posteriorly (Fig. 214 c and d). 
Finally the dorsal and ventral 
diverticula combine to form 
the cephalic vesicle, which 
subsequently becomes evagi- 
nated. 

The hypodermis of the 
adult thorax is formed by cell- 
proliferation of the peripodial 
membrane of the imaginal buds 
of that region. The new tissue 
gradually extends over an in- 
creasing area, replacing the 
larval hypodermis whi<A un- 
dergoes disintegration. Areas of new h5qx)dermis, originating from differ- 
rat imaginal buds, become confluent, and an entirely new cell-layer is thus 
built up. The h3q>odermis of the adult abdomen is similarly formed from 
four imaginal buds in each of the first eight segments. These buds differ 
from those previously described in that they arise as simple thickenings of 
the larval h5q)odermis, without any folding taking place, 'fhe genitalia 
arise from pairs of typical imaginal buds in the ventral wall of the twQ 
penultimate abdominal segments. 

®he essential features of the development of the external form of the 
in other orders proceeds very much aft^ the manner described in 
'^mera. The imaginal buds, however, are not deeply insurrk as in the 
|||btcid«s, and the complex process which gives rise to the cq>halic vesicilltt 
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-Development of Imaginal Buds in 

THE Musiwjb 


Kt lam ; B—D, pupa ; 1-3, thoratic segments ; Ii* 
pk, pharsmx ” ; 0, oesophagus ; b, brain j ci/, ccj ‘ 


_ buds ; 
vesicle ; 


«, ventral nerve centre ; 4, diverticulum of phar\nx ; m, mouth : 
«, antennal bud; ob, optic bud: p, probosus rudiment. Based 
am Xorscbelt and Ueider a/fer Kowalevsky and Van Rees. 
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does UkOt tike place. Enrtkennore, tiie Imds vhtdi 1am the pupal v^sgk* 
atoirp horns and caudal lameUas in Am^heUs are unrepresented. 

2 . Development of the Internal Organs.— The great difierences in 
the adHUmer of life of the larva and the imago render many of the larval 
organs unadapted to perform their functions in the perfect insect, and 
the necessity for reconstruction consequently arises. The changes involved 
take place during the late larval and pupal stadia and, although an insect 
at this period is outwardly quiescent, it is in reality often the seat of 
intense physiological activity. The extent of the innertransformations varies, 
not only m different groups of holometabolous insects, but also with regmxl 
to individual organs and tissues. Certain parts, including the dorsal vessel 
and central nervous system, may be relatively little affected, and pursue 
an uninterrupted course of 
differentiation. On the other 


hand, the h3rpodermis, diges- 
tive system, muscles, and 
salivary glands are pro- 
foundly changed. Those 
larval organs which submit 
to the greatest alteration 
undergo dissolution and 
complete destruction, this 
breaking down of the tissues 
being known as htstolysts. 
The latter process is gener- 
ally preceded, and after- 
wards accompanied, by the 
generation of new tissues 
which IS termed htsiogenests. 
The essential feature of 
histogenesis is the multipli- 
cation of localized groups of 



cells which withstand the 
histoly tic changes These 
cells are the imaginal buds 
of the internal organs : un- 
like those of the appendages 
thqr do not develop as hypo- 
dermal folds. It is by means 


Fig 714 — Deveiopment of the Cephalic Buds ih 
Msiopuaov^ (Ectodermal Parts Dotted, Em- 

DODERMAL PARTS LiNBD) 

A» longitudinal section of an embijo when the dorsal bnds beooma 
mvaginated B, later stage when the buds at e drawn into the pharynx 
C, transverse section of an embrvo at stage B D, do , taken further 
posteriorly 6, brain , d, dorsal cephalic bud , 1^, bud of and leg ; 
m, mesenteron , n, nervt cord , o, median opening of dorsal buds ; 
at, oesophagus , p, pharynx » s, stomodaium , v, ventral cephalic 
Adapted from JVatt, xpoo. 


of their extension and differ- 


entiation that the parts concerned are rebuilt to serve: the needs of the imago. 
Various theories have been advanced to account for the physiological pro- 
cesses by which histolysis is accomplished. Kowalevsky {1887) , relying upon 
the researches of Metschnikoff, on the function of leucocytes in the destruc- 
tion of the tail muscles of Amphibia, demonstrated that in the Musddse the 
blood corpuscles (phagocytes) are die active agents that break down and 
digest the larval organs. Kowalevsky's conclusions were largely confirmed 
by Van Rees (1888), and a number of subsequent workers, including P^rez, 
Herder, Poyarkoff, and others, have described phagocytosis in Cerent 
insects. In blood drawn from a pupal insect, such as CaUiphora, there 
are found large numbers of “ granular spheres ” (Komchenkugeln), 20-359 
in diatnet^. These bodies are phagoc3rtes distended with mdusions of 
the tissues which they have atta^ed (Fig. 215). The expression “ Kdm- 



206 


POST-EMBRYONIC DEVELOPMENT 


cEenkugeln " is prevalent in most works dealing with the intern^ meUt* 
morphoses of insects, but was originally applied only to leucocyte distended 
with muscle debris. Their presence affords the strongKt evidence that 
phagoc3rtosis is taking place. Other authorities, including Angles (X900) 
and Berlese (1900-01), see in the phagocytes a Cerent r 61 e. Accor^g 
to Angles their function is the secretion of enzymes which bring about 
tissue-dissolution by a kind of extra-cellular digestion which he terms 
lyocytosis Berlese has studied histolysis of the muscles in a number of 
insects and finds that the phagocytes are very active m engulfing frag- 
ments of tissue, but, on the other hand, they manifest no digestive capacity, 
but merely act as transporters of such material to parts of the body where 
it is required Bataillon (1893) mamtains that histolysis is the result of 
asphjTciation which is bi ought about by the low'enng of the respiratory 
activity and the accumulation of CO» : according to him organs which 

are no longer 
functional! de- 
generate as the 
result \ 

A nun:\ber 
of histologists, 
including Kara- 
waiew, Terre, 
Kellogg, Vaney, 
and Henneguy, 
in addition to 
those already 
mentioned, up- 
hold the theory 
of degenera- 
tion. Thej' 
claim that too 
exclusive a r 61 e 
has been as- 
cribed to the 
phagocytes, and 
that larval or- 





-Phagocytosis or Muscir in Calliphora, 

l^IVf stages in the immigration of phagocytes into a mu<^c V, a phagocyte isithin a 
muscle , the nucleus of the latter has been ingested by the phagocyte VI, diverse phases 
of the granulai spheres I, phagoc>tc<' , m, sarcolcinma , N, muscle nucleus . n, do withui 
a phagocyte, z, saicolytes or muscle fragments, t, other tissue engulfed by phagocyte, 
r, phagocyte which has almost digested its inclusions After C P^ez 


gans undergo 

preliminary chemical dissolution before becoming the prey of those cells. In 
some cases this process is the only one concerned, in others the phagocytes 
subsequently intervene. In the Nematoceran Holortisia, for example, Kel- 
logg (1901) was unable to detect any f'vidence of phagoevtosis, and be- 
lieved that tissue dissolution takes place without its agency. In the 
specialized larva of Bkpharocera, also one of the Nematocera, where the 
changes involved are more profound, phagocytosis was predominant. Vaney 
(1902) similarly found no phagocytosis in Stmtdtum and Chironomus. Other 
observers have been unable to find evidence of it in Lepidoptera and 
Coleoptera. In such cases lyocytosis, or some analogous process, is believed 
to intervene. 

The extensive researches of Perez on ants (1902) and CalHphora (1910) 
leave little doubt as to the importance of phagocytosis in those insects, 
that It attams its maximum activity in the Muscidae. He finds no 
evidence of preliminary tissue degeneration and holds that phagocytosis 
in tat all-important process where extensive histolysis is concerned la 
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cases wfaeare it is wanting the changes are mainly of an histo^nic nature. 
Perez's conclusions find support in the work of Poyarkofi (19ZO) on meta- 
morphosis in the beetle GaleruceUa. 

Unlike most other workers, he was able 
to show that phagocytosis in Coleop- 
tera plays an extremely active part in 
the destruction of organs which under- 
go marked transformation. 

In brief, it may be said that phago- 
cytosis is well established where the 
changes are great and histolysis in- 
tense. It does not, however, appear 
to be an invariable attribute of meta- 
morphosis and, in certain cases, tissue- 
dissolution by lyocytosis or other 
process presumably obtains. Unfor- 
tunately knowledge of the inner meta- 
morphoses is less complete in more 
generalized holometabolous orders, 
where apparently phagocytosis is less 

f requent, 
than in the 
Diptera. 

The changes 
undergone 
by various 
organs and 
tissues dur- 
ing histolysis and histogenesis may now be 
alluded to. Generalizations are often particularly 
difficult to arrive at for the reason that different 
investigators are frequently in complete disagree- 
ment in their interpretations of the same phe- 
nomena. The principal facts, with special refer- 
ence to Diptera, may be summarized as follows. 

DIGESTIVE SYSTEM. (Figs. 2i6 and 217.) In 
most insects phagocytosis plays an unimportant 
part in the metamorphosis of the alimentary 
canal. Since the old lining epithelium is sloughed 
off into the lumen of the gut, and does not un- 
dergo dissolution in the haemocoele, phagocytic 
intervention is evidently less necessary. The 
fore-intestine is regenerated by the proliferation 
' of a group of cells forming an annular imaginal 
bud in the cardiac valve, at the junction of the 
original ectoderm and endoderm. The transfor- 
mation of the hind intestine is undei^one in a 
very similar manner from an annular regenera- 
tive centre near the insertions of the Malpi- 
ghian tubes; there are also other im^nal buds 
associated with the rectum. The mid-intestine 
is rebuilt by the proliferation of islets of cells situated between the 
bases of existing ^ithelial cells. In each part of the gut the origbal 


Fig 216. — ^Median Longitudimat. Sec- 
tion AT THE Junction of Fore- and 
Mid-In TEST iNB of Foamici rhwa. 

%, annular imagmal bud of fore intestine. Afim 
C. Pere^, 


Fig. 217. — ^Alimentary 
Canal and Salivary 
Glands {sg} of a Muscid 
Larva showing Imaginal 
Buds. 

Ut of fore-mtestine ; b, of mid- 
Intestine ; c, of hind intestine ; 4 , 
of rectum; «. of salivary glands. 
After Kowalevsky* 
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la^al c|>ithdliuin is slou^h^d o& during ibe process of its sepIsofSiDiintt 

The ifALFiGBUir tvhia in the 



iF^O. ai8. — Metamorphosis of a Muscle of 
Cailifbora (semi-diagrammatic). 

4, larval stage ; m, mwblast. B, commencement of meta- 
morphosis : c, mitosis of myoblasts ; dm, multiple division of 
larval nuclei; Nd^ degenerating nucleus. AftAr C. P<^rez. 


Musddse pass without actual 
atrophy into those of the imago, 
but their cells lose differentiation, 
becoming subsequently reformed. 
In H3unenoptera the original 
tubes are destroyed and repkeed 
by new formations. In Gulenir 
cetta there are small replacement 
cells, very much as in the mid- 
gut, which give rise to the lining 
epithelium of the imaginal organs, 
while the remains of the larval 
cells are removed by pha^c}^osis. 

SOMATIC MUSCLES, me fate 
of the muscles varies, not\only in 
different insects, but ala> with 
regard to different muscles\ in the 
same insect. In Calliphora ^ the 
more specialized of the larval 
muscles are destroyed by phago- 
cytes. On the other hand, the 
more specialized of the imaginal 
muscles, including those of the legs 
and genitalia and the transverse 


sub-hypodermal muscles of the abdo- 
men, are new formations derived 
from the mesenchyme of imaginal 
buds. Between these two extremes 
are numerous transitions: certain 
of the abdominal muscles pass into 
those of the imago with but little 
alteration : other muscles are re- 
built by the agency of myoblasts 
to a variable degree. The wing- 
muscles, for example, are formed 
by myoblasts to such an extent, 
around three pairs of larval meso- 
thoradc muscles, as almost to 
amount to new growths. The im- 
portance of the rdle of myoblasts in 
muscle-building varies proportion- 
ately as the imaginal muscle departs 
functionally from the larval muscle 
bom which it is derived. During 
i^these changes, the portion of a lar- 
’;:val muscle which persists becomes 
.'’4; homogeneous mass and the myo- 
l^ksts, which are derived from the 
imaginal buds of the hypodermis, 
esaegregate around and penetrate it, 
building up the composite 



Fic. 219. — ^Metamorphosis of a Mos^ 
OF Calubbora (later stages). 

C, direct divi»ioii» in chains, of imaginal nuclei ; /, fniion , 
of myoblasts with differentiated musde. /?. cleavi^ Inttr 
separate fibres. E, final stage of imaginal muscle' SfalibH 
C. Perea. '.Vv 

imaginal muscle (Figs. 2x8, . 2 X 91 ; 
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cytife'^" ' -•' . §tkf^, 

meats of muscle 
fibres or sarcolytes 
forming the *" granu- 
lar spheres." This 
matenal is trans- 
ported to parts of 
the body which it 
serves to nourish. 
There are also other 
m u s c I e - fragments 
containing nuclei 
which he terms 
caryolytes. The latter 
are not engulfed by 
leucocytes, and Ber- 
lese traces from them 
the origin of the im- 
aginal muscles and 
fat-body. The whole 
process of the phago- 
cytosis has been re- 
investigated with 
great thoroughness 
by Perez, who has 
shown that Berlese's 
sarcolytes and carj^o- 


ms 



Fig. 2ao. — O rigin of Imaginal Fat-Body. 

«, 6, in tbe bead and thorax ; c-e, in the abdomen in close relation with the imaainal 
* *1 granular spheres ; o, cmocytes ; », initial cells of imacinal fat*body ! 
of remaining larval fat body in the i^iago by phagocytes p. A/m 



lytes are simply muscle fragments (in the one 
case without nuclei and the other with) which 
are undergoing phagocytosis. 

FAT-BODY. (Fig. 220.) According to 
Berlese the larval fat-cells function as 
trophocytes, which play an important part 
in the accumulation and transformation 
of albuminoid reserve material, which is 
utilized in tissue-building during histo- 
genesis. New fat cells, according to him, 
are derived from caryolytes as already 
mentioned. In CaUiphora P^rez finds 
that certain of the trophocytes are de- 
stroyed by phagoc3^es during the pupal ’ 
stadium while others persist until after 
eclosion of the imago, when they are 
ultimately eliminated in a similar man- 
ner. In ants the destruction of the fat- 
body is much more extensive in the male ; 
than in the female. Among most insects . 
tte larval fat-body becomes transformed I- 
into that of the imago, its albuminoid ; 
reserves being then converted into fat. bt i 
CaUiphora, P 6 cez finds that the imaging ..'r 
fat-body is a new formation derived fiofii : 
embryonic or mesenchymatous cells stn-. 
ated just beneath the hypodermis. 


‘.Sto,, 231..— Histolysis of Larval SALIVARY GLANDS AND SILK GIwWfDfli' ' ^ 

■ Smi . Glaro of Foaniod These glands degenieiRte and are osoa^ ':: 

. i . S After c. Pint. destroyed l^lAagocytosis (Fig. 22i). 
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maginal glands are built up by a pair of annular buds situated at the junc- 
tion of each gland with its duct (Fig. 217). In GaleruceUa PoyarkofE states 
that the new glands are formed as invaginations at the bases of the maxillee. 

TRACHEAL SYSTEM. The tracheae undergo a varsnng aunount of refor- 
mation in different insects. In CalUphora many of the larval tracheae 
disappeair, their matrix layer being destroyed by phagocytes. The forma- 
tion of the imaginal tracheae is due in great part to the proliferation of 
regenerative centres distributed along the course of the main trunks. 

HYPODERMis. The formation ot the hypodermis has already been 
alluded to, and the final destruction of the larvad layer is accomplished 
by phagocytosis. 
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Part III 

THE ORDERS OF INSECTS 

THE GLASSIFICATION OF INSECTS 

T he classification of insects has passed through many changes and 
most of the systems proposed have been founded upon characters 
afforded by the mouth-parts, wings and metamorphoses. With the 
growth of detailed knowledge an increasing number of orders has come to be 
recognized, some of the most recent writers admitting more than five times as 
many orders as were known to Linnaeus. It will serve no useful purpose 
to detail the various systems of classification that have been advanced, 
since almost every authority has adopted a scheme different from those 
of his predecessors. Handlirsch (1908) has provided an admirable historical 
r^sum^ of the subject and consequently only those classifications, which 
are the direct forerunners of the systems current to-day, need be enumer- 
ated. 

The foundation of the modem classification of insects dates from Brauer 
(1885) who based his system upon : (i) The presence or absence of wings. 
(2) The mouth-parts and their changes in ontogeny. (3) Metamorphosis. 
(4) The number of Malpighian tubes. (5) The nature of the wings, the 
thoracic segments and certain other features. He recognised the fundamental 
division of the Insecta into the two sub-classes Apterygogenea and Pterygo- 
genea— members of the former being primitively apterous and those of the 
latter winged or, in some cases, secondarily apterous. Brauer also did 
much towards ^viding the old assemblage Neuroptcra into separate 
sections each of ordinal value. His classification is as follows : 

I. Apteryitoi*'"^ 

1. Symptera (« Collembola + Thysanura), 

II. Pteryftogenea. 

2. Dermaptera 

3. Ephemenda (•»■ Ephemeroptcra) 

4. Odonata 

5* Plccoptffd iHniLffiiLfrhiipn A 

6 Orthoptera genuim (=> Orthoptcra + Embioptera) j 

7. Conodenha ( = Isoptera + Psocoptcra + Mallophaga) 1 

8 . Thysanoptera j 

9. Rhynchota { Hemiptcra) / 

10. Neuroptera 

II. Panorpata (=* Mecoptera) 

12. Tfichoptera 

‘ 3 - Lepiifoplera VHETEROMORPHA 

14. Dt^a 

15. Stphomptera ( ^ Aphaniptera) 
s6. CoUoptera 
17. Uynmoptm 

m 
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la 1899 Sbatp estabU&ed « syOstn, {Murtiy iaod«lted apoii of 
Btaaer, and introduced the toms Exopt^^^ and Endoptetygobi in 
<^er to discriminate between those orders in which the wings develop ont- 
eide the body, and those m which they remain internal imtil pupation. He 
farther introduced the term Anapterygota to include those apto'ous orders 
which have presumably become secondanly wingless This step, however, 
has die disadvantage of bnngmg together distantly related groups In 
1904 Shipley adopted Sharp’s classihcation almost in its entirety, but 
proposed certam new ordmal names with the double object of domg away 
with the use of family designations for ordinal purposes, and for the purpose 
of mtroducing a system m which the suffix " ptera ” is extended to all 
orders The classifications of Sharp and Shipley may, therefore, be tabu^ 


r»i 


X Collembola 

2 Thysanura, 

3 Mallophaga 

4 Anopluva ( =» Siphunculata) 

5 SiphontApicTf* Aphaniptcra) 


Apterygota. Shipley 

X A ptera (» Thysanura). 

2 Apontoptcra (« Collembola 

Anapterygota. 

3 Ltpoptera (*= Mallophaga) 

4 Ellipoptera ( — Siphunculata). 

5 Aphamptera. 


6 

7 

8 

9 

zo 

II 

X2 


III Exop^^rygota. 


Orthoptera (= Orthoptfira 4 - DormantPi 
PerhdcB («=?= Plecoptora 
Psocidee (« Psocoptera) 

Termtiides (= Isoptera) 

Emhiida (=^ Embioptera) 
hphemertda («= Ephemeroptcn 
Odonata 
2 hy^anopiera. 

Hemtptera 


6 Orthoptera 

7 Plecoptera 

8 Psocoptera. 

9 Isoptera 

10 Embtopieta 

11 F phemero ptera 

12 Paranewopteta (« 

13 Thysanopiera 

14 Hemti>tera. 


Odonata 


IV Endopterygota. 


IS Neuropiera («= Neuroptera + Mtcop- 
tera) 

x6 Tnehoptera 

17 Lepidoptera. 

18 Coleoptera 
xg Strepsiptera. 

20 Dxptera 

ax. Hymenoptera. 


1 5 Neuroptera 

16 Mecaptera 

17 Tnehoptera 

18 Lefndoptera 

19 Coleoptera 

20 Strepstptera 

21 Diptera 

22 Hymenoptera. 


In 1904 Bdmer proposed a system which recognized the same orders 
as Shipley (although not necessaiily under the same names) with the ex- 
cqition that he adopted a threefold division of the Apterygota and revived 
the ordmal name Corrodentia for the Psocoptera and Mallophaga Bdmer's 
c^ssification may be summarized as follows. 

I. APTERYGOTA. 

I. Thysanura (>>> Ectognatha). 2 Dtpiura (=> Entognatha) 3 Collemhota. 

I, PTERYGOTA. 

A HFMtMElABOIA 

4 Odonata 5 Agnatha (•> Ephemeroptcra) 6 Dermaptera 7 PltcoP‘ 
tera 8 Isoptera g Orthoptera 10 Corrodentva ( » Psocoptera H* 
Mallophaga) 11, Ihysanoptera. 12 EAync&oto (>>- Hemiptera). sg, 
Siphunctdata 

B. HOEOMBTABOI A. 

(4 Mecaptera 15 Dtptera. 16 Suciona (•> Aphaniptera). 17 Hymentp^ 
tera 18 Neuroptera. tg. Trtchoptera 20 Leptdoptera sx Cideopuim 
22. Sirepstpiera. ' 



rm, xu$mcmos of mswm m 

Hanillindb i>tild|9fa«d[ » levoluticnmry system ao toager 
retained the Insecta as a primaty division of the Arthrc^poda. and involved 
th^ dlissolation into four classes comprising no less than 34 separate orders. 
The main features of his system, which is based upon recent and fossil forms, 
are as given below. 

Class I. Pterygogenea (-« Insects — Apterygota). 

Sub-ClaSS I. ORTHOPTEROIDEA* 

1. Orthoptcra (« Saltatoria). 2. Phasmoidea (« Phastnidae). 3, Diploglossata 
(= Homimeridae). 4. Dermaptera, 5. Thysanoptera, 

Sub-class II. BLATTiEFORMIA. 

6. (= Mantidae). 7. Dlattoidea Blattidae). 8. Isopiera, 9. Carro* 

dentia (= Psocoptera). 10. Mallophaga, 11, Stphunculata, 

Sub-class III. HYMENOPTLROIDEA. 

12. Hymenoptera, 

Sub-class IV. COLEOPTEROIDEA 

13. Coleoptera. 14. Strepsipiera^ 

Sub-class V. EMBIDARIA. 

15. Embioidea (» Embioptcra), 

Sub-class VI. LIBELLULOIDEA. 

16. Odonata, 

Sub-class VII. EPIirMFROIDFA. 

17. Plecioptera {==« Ephoiucroptera). 

Sub-class VITI. perloidea. 

18. Perlarta (“ Plecoptera). 

Sub-class IX. NEUROPTEROIDEA. 

19. Megaloptera (« Sialoxdea). 20. Raphidioidea, 21. Neuroptera (« Plan!- 

pennia). 

Sub-class X. PANORPOIDEA. 

22. Panofpata (= Mecoptera). 23. Phryganoidea (=* Trichoptera), 24. Lepi- 
dopteva, 25, Dtptera. 26. Suctona (= Aphaniptera). 

Sub-class XI. HEMIPTEROIDKA. 

27. Hemtptera {*» Heteroptera). 28. Homoptera, 

Class II. Collembola. 

29. Arthropleona. 30. Symphypleona. 

Class III. Campodeoidea. 

31. Dicellura (Japygidje). 32. Rhahdura (» Projapygidae + Campodeidas). 

Class IV. Thysanura. 

33. Machtloidea (»? Machilids). 34. Lepismatoidea (» Lepismidae). 

The classification of Handlirsch has not found wide acceptance. It is, 
however, partly adopted by Brues and Melander (1932) who add to it the 
more recently discovered orders Zoraptcra and Protura and, at the same 
time, elevate the family Grylloblattidae to ordinal rank. They recognize 
altogether 34 orders. 

CLASSIFICATION ADOPTED IN THE PRESENT 

TEXT-BOOK. 

Sub-class I. APTERYGOTA 

Apterous insects, the wingless condition being primitive, with slight 
or no metamorphosis. One or more pairs of abdominal appendages present 
other than genitalia and cerci. 

Order x. thysanura. 

„ 2. protura. 

„ 3 * COIXSMBOLA. 
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Sub-class II. PTERYGOTA 

Winged insects which are sometimes secondarily apterous. Metamor- 
phosis veiy vaned, rarely shght or wanting No abdominal appendages 
present other than genitalia and cerci. 

Division I. EXOPTERYGOTA (==Heterometabola) 

Insects passing through a sunple and sometimes slight metamorphosis, 
very rarely accompanied by a pupal instar The wmgs develop externally 
and the larvae are generalized n}nTiphs 


Order 

4 

ORTHOPTFRA 

s» 

5 

DERMAPTERA. 

St 

6 

PLECOPTERA 

St 

7 

ISOPTI RA 

II 

8 

FMBIOPTERA. 

1 1 

Q 

PSOCOPTI RA. 

If 

10 

ANOPLURA 

II 

I 

EPHrMFROPTERA. 

I* 

12 

ODONATA 

1 

13 

THYSANOPTERA 

I 

14 

HEMIPTERA 


Division II ENDOPTERYGOTA (=Holometabola) 

Insects passmg thiough a complex metamorphosis always accompanied 
by a pupal instar Ihe wings develop internally and the larvae are usually 


Older 

15 

NFUROPTERA 


16 

MECOPTERA 

1 

17 

TRICHOP ri R \ 

1 1 

18 

LEPIDOPTERA 

1 1 

19 

COI EOPTFRA 

II 

20 

SlRl PSIPTFRA 

1 

21 

HYMEN OPTERA 

1 1 

22 

DIPTFRA 

1 

23 

APHANIPTERA 


The ordinal name Anoplura is here given to include the Mallophaga 
and Siphunculata which are now generally admitted to be closely related. 
The inclusion of the Anoplura and Aphaniptera among the Pterygota is 
based upon the probability that their apterous condition is secondary, and 
has been acquirrf for so extended a penod that all traces of alary rudiments 
have been ehminated from their ontogeny It is noteworthy, moreover, 
that the absence of wings is by no means an unknown phenomenon m those 
orders to which the Anoplura and Aphaniptera are most nearly related. 

The Exopterygota are connected with the Endopterygota by the hemip- 
terous families Ale3ax)did® and Coccidae, both of which exhibit clear mdica- 
tions of a pupal stage an mcipient pupa can also be recogmzed among the 
Thysanoptera 
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SUB-CLASS APTERYGOTA 

T he Apterygota are universally distributed but, owing to their small 
size and concealed habits, probably the majority of the world’s 
species have so far escaped discovery. About 1,200 species are 
known : without exception they are wingless insects and there is every reason 
to believe that this apterous condition is of a primitive and not a secondary 
origin. As a rule they retain the superlinguae in a more generalized condition 
than other insects, and the presence of abdominal appendages is a very 
characteristic feature. Metamorphosis is always of a very slight and grad- 
ual nature or is more often absent. It is principally by a comparative study 
of the members of this sub-class that it is possible to trace the origin, evolu- 
tion, and affinities of the Insecta as a whole. For a bibliography and 
general discussion of the Apterygota, reference should be made to a 
paper by Crampton (1916). 

Order i. THYSANURA (Bristle-tails) 

MOUTH-PARTS LCTOGNATHOUS OR ENTOGNATHOUS, ADAPTED FOR BITING. 
ANTENN.® MANY - JOINTED. COMPOUND EYES PRESENT OR ABSENT. 
ABDOMEN II-SEGMENTED, WITH A VARIABLE NUMBER Ot STYLIFORM LATERAL. 
APPENDAGES, AND BEARING AT ITS APEX EITHER (l) A PAIR OF MANY- 
JOINTED CERCI WITH OR WITHOUT A MEDIAN CERCIFORM PROCESS; OR 
(2), MORE RARELY, A PAIR OF UNJOINTED FORCEPS. TRACHEAL SYSTEM 
PRESENT: MALPIGHIAN TUBES PRESENT OR ABSENT. METAMORPHOSIS 
SLIGHT OR WANTING. 

This order includes the most primitive of all insects and is very widely 
distributed ; about a dozen species have been found in the British Isles. 
Its members are ancient survivals of a formerly more extensive group and 
persist to-day largely owing to a concealed life in the soil, in rotting wood, 
under stones, or in the leaf-deposits of forest floors ; a considerable number 
also live in the nests of ants and termites. Unlike many Collembola they 
are not usually found among living herbage. The " silver fish," Lepism 
saccharina (Fig. 222), occurs in buildings in Europe and North America, 
where it is destructive to paper, book-bindings, etc., and Thermobia domstica 
Pack, frequents the warmth afforded by bakehouses and kitchens. Petrobius 
maritimus (Fig. 223) inhabits rocky places on the British coasts, close to the 
edge of the sea. Although the order includes a number of minute forms, the 
majority of species attain a larger size than is found in the Collembola, and 
Hetefojapyx sotdei, for example, measures about 50 mm. long. Most 
species are brownish, grey, or white in colour, and the scaled forms exhibit 
a metallic sheen. 

External Anatomy.--In the Machilidse and many Lepismidse the 
body is clothed with scales, but in the remaining families these structures 
are usually wanting. The antennae are long and filiform, often consistinjg of 
30 or more joints. Compound eyes are well developed in the Machilidie, 

215 



jijwe they an ap^oximated or contigootis doksally • in 
^ fxe considerably reduced, md among the Entotrophi they 
OkHi are generally absent, but in the Machilidae median and paired onsub of 
toture are evident : they are curiously variable in form, and are regaiided 
as being intermediate in structure between simple and compound 
/fS' -» exhibits the epicranial suture and in 
(Fig. 324) there is also a transverse occipital suture ; both the labrum and 




mouth-parts are normal and exsertedf 
. in . the Ectogiid.th3, , in the Entognathe. they are sunk wif kin 
m in th. Prottmi and CoUemMa.' In fa 

g te ol the Ectopnatha, tte mouth-parts aii rf to iSSiSSt 
^ among msects (F2g. 9 . the mandibles am etoSff^' 
1 , prated mgans and are eaoh provided with a weU-dSTnil?? 

soriam of to hig^ Crustacea. The siq)eriinguc are eiceptionl^; ; 


^ u? 

wiA 4<K»S^)^d i «acli ^tcisun ta «l:Udu»d by iA»«nibvan« to the bate of tine 
hypoj^beiyiuc. tend eadiibita dtSerentiation into two lobes to^^ether with a 
vestigtel |mlp>like a]^endage. The maxiUs are 
competed of the typical sderites and their palpi 
are 7*jointed. In the labium the mentum and 
submentum are broad plates, the prementum is 
paired, and the palpi are s-jointed. Paired glossae 
and paraglossse are present and both of these 
structures are longitudinally subdivided into two 
lobes. In Lepisma the mandibles are each com- 
posed of a single sclerite, and in the labium the 
glossae and paraglossse are single organs on either 
side. In the Entognatha the mouth-parts are less 
primitive to the extent that they resemble those of 
the CoUembola more closely than the same organs 
in the Ectognatha. The mandibles are unjointed 
and toothed at their apices : in Campodea, and 
Anajapyx each besus, near its extremity, a small 
plate-hke appendage or " lacinia mobiUs.” The 

superlinguse in all 
cases su'e simple 
undivided plates 
The maxillary 
lobes su’e paired, 
but the maxillary 
palpi are very 
short m Japyx, 
and vestigial m 
Campodea. The 
labium is much 

reduced : the bgula usually consists of a 
pair of small glossae and broader bristle- 
bearing lobes, or paraglossse. In some 
cases, as in Japyx sylvestris Carp, the 
Ugula consists of a single pair of lobes. 
In the latter genus the labial palpi are 
small, i-jointed structures ; in Campodea 
and AnajaPyx they are vestigeal and in 
Tarajapyx they are totally atrophied. 

The legs exhibit variation in the num- 
ber of tarsal joints; they are usually 
3-jointed in the Machilidse, 3 or 4-jointed 
in the Lepismidae and single-jointed in 
the Entognatha. In all cases the tarsal 
claws are paired. In the Machilidas (Fig. 
225) the coxae of the 2nd snd 3rd pain 
of legs bear a small pair of movable un- 
jointed styll 

The abdomen is composed of xz s^ 
ments : in the Ectognatha the xzth ter- 
gum is prolonged into a median cerci- 
form appendage, and in the Entognatha its counterpart is seen in the small 
agnuud plate. The abdominal sterna (Fig. 225) cany a variable number d 




AjUir Lubloock, 




225- 


’-PeTMOBIVM 

Britain. 


MAMTlMUa, 


margin erf 3th abdominal aegman' 
rfmmg a and ityli a. left leg of sn 

pair; te oonas «. atylua: aubooaa 



sz8 THYSAKURA 

pain of styli similar to those fotmd on the two hind pain of cokse in tiie 
Madbilidse. In the latter family a pair is present in relation with eai^ 
sternum from 2-9 inclusive : in the Projapygidae and Japygidae on 1-7, in 
Campodea on 2-7 and in the Lepismidae on 7-9 or 8-9. In Campodea &ere 
is also a pair of larger appendages in relation with the ist sternum. In 
addition to styli most Thysanura carry segmentally arranged protrusible 
vesicles (Fig. 225) : the latter are placed in close association with the styli 
but are situated rather nearer the mid-ventral line of the body. These 
vesicles are capable of being extended by means of blood-pressure, and can 
be withdrawn into their segment by the aid of special muscles. Their func- 
tion is obscure but they may, as Oudemans and Haase have suggested, 
serve a respiratory purpose. In Machtlis and Peirobius there are two pairs 

of vesicles in relation with each sternum from the 
2nd to the 5th and a single pair on the ift, 6th, 
and 7th sterna. In Preemachihs there is a single 
pair in relation with sterna i to 7 ; in Campodea 
and Anajapyx in relation with 2 to 7 ; in \apyx 
they are confined to the 2nd sternum and in Pro- 
japyx and Leptsma they are wanting. 

The gcnitaha attain their fullest developinent 
in the Ectognatha and consist of one or two pairs 
of gonapophyses. In the male there is a definite 
aideagus of simple form and the gonapophyses 
are usually imperfectly jointed. In Petrobius 
there is a single pair of these appendages which 
is borne on the qth sternum : m Machtlis and 
Pra-machihs paired gonapophyses are present in 
relation with the 8th and qth sterna respectively. 
In th<* female the ovipositor is usually well de- 
veloped, often long, and consists of two pairs of 
many-jointed appendages carried on the same 
sterna as the corresponding organs of the male. 
Among the Entognatha the genitalia are rudi- 
mentary or wanting in both sexes. 

The abdomen is usually terminated by a pair 
of slender cerci which may consist of 50 or more 
joints : on the other hand, in the Projapygidae 
Fig. 226 —iisTritoMrx Sp (Fig. 229) they are short and stout with less than 
Atisiralia. (X 3) a dozen joints. In the Japygidae, cerci are re- 

placed by unjointed forceps (Fig. 226). In the 
Ectognatha there is, in addition, a median jointed, cerciform process 
which often exceeds the whole body in length : morphologically this struc- 
ture is to be regarded as a prolongation of the nth tergum and is, 
therefore, not a true appendage. 

Internal Anatomy. — ^The aiitneniary canal (Fig. 227) is a simple straight 
tube, except in Lepisma where the h^d intestine presents a single con- 
volution. The proportions of the three divisions of the gut vary greatly 
in different genera. Thus in Anajapyx the oesophagus is of great length, 
and extends into the 4th segment of the abdomen, while the stomach 
Ak greatly reduced. There is a large gizzard in Lepisma and in this genus, 
and in Machilts, enteric coeca are present. Salivary glands appear to be 
universally present, but the Malpighian tubes are inconstant. In the 
Ectognatha the ^latter organs are well developed and number xa to 20 




INTKRKAL ANATOMY aig 

intlieIlachii]^,aiid4tQ8mtheLepismidas. 'btCtmpoi€a9xi6.Amjapyx 
the Mali^hian tubes are rqfaresented by papillae— about i6 in the former 
rase and 6 in the latter : in Japyx these organs are totally wanting. The 
nervous system (vide Hilton, Ann. Ent. Soc. Am. 1917) is exhibited in its 
most generalized condition in the Machilidae where there are 3 thoracic 
and 8 abdominal ganglia, amd the longitudinal connectives retain their 
double nature throughout the length of the ventral nerve cord (Fig. 65A). 
There are similarly 8 abdominal ganglia in the Lepismidae and Japyx. 
while in Campodea and Anajapyx the 7th amd 8tl» gamglia are united 
into a common centre. The tracheal system exhibits importamt differences 
m the several families. In the Machilidae there are 9 paiirs of .spiracles : 
the 1st pair is located between the pro- and mesothorax, the 2nd padr 
is placed near the hinder border of the mesothorax, amd the remaining 
pairs are placed on the 2nd to 8th abdo- 
minal segments. The tracheae associated 
with each spiracle remain unconnected with 
those of adjacent segments. In the Lepis- 
midae there ame 10 pairs of spiracles which 
belong to the 2nd amd 3rd thoracic amd the 
first 8 abdominad segments. In this family 
the tracheal system is relatively highly de- 
veloped ; there is a common longitudinal 
tracheal trunk passing down either side ol 
the body, amd there is a transverse trunk in 
each segment uniting the tracheae of oppo- 
site sides. Campodea (Fig. 125) exhibits a 
very inferior development of the tracheal 
system : there aire 3 pairs of spiracles which 
are thoracic in position, and the tracheae 
associated with each spiracle remain isolated 
and distinct. In JaPyx solifugus (Fig. 113) 
there are 11 paurs of spiracles of which 4 
are thoracic, and 7 are abdominal. The 
1st, 2nd and 4th pairs correspond with the 
3 pairs of thoracic spiracles in Campodea : 
the 3rd pair is situated on the meta- 
thorax in advance o'" the 4th pair. A 
longitudinal trachea atcs the tracheae on 
either side of the body into a single sys- 
tem, but there is only a single delicate transverse commissure which is 
situated near the junction of the 9th and loth abdominal se^ents. In 
J. isabeUte there are 9 pairs of spiracles ; those homologous with the 2nd 
and 4th pairs in J. solifugus being unrepresented. In Projapyx there 
are 10 pairs — 3 thoracic and 7 abdominal: in Anajapyx there are 9 
pairs of which the ist and 2nd correspond with the ist and 3rd in Japyx 
solifugus. 

The dorsal vessel is notable on accoimt of the forward extension of the 
heart into the mesothorax; in Japyx the heart is composed of ten 
drambers. According to Grassi, da^ muscles are wanting but delicate 
structures of tiris nature are described by Oudemans in Pdrobius. A 
pair of posterior glands, possibly of a repugnatorial nature, opens at the 
apkes of the cerci in the Projapygidse and are homologous with similar 
glands in the Symphyla and Diplopoda. 



r, rectum. 

Oudemans. 
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The r^r&iucttoe organs (F%. aaS) txi^i impoAkrA 
difierences in the five families. As regards the fonale orgaiei, thegni is a 
angle pair of polytrophic ovarioles in Cainj>odea while in othor nuSfttt 
of the order they are panoistic. In Japyx there are sevm metameric|i% 
arranged ovarioles on either side ; in Petrobius there is a similar munber Of 
ovarioles but their segmental disposition is no longer evident : in L<pisnM 
there are five ovanoles to a side and there is likewise no segmental arrange* 
ment : in Anajapyx the segmental arrangement is mamtained but the 
number of ovanoles to a side is reduced to two. In all cases the vagina 
is practically non-existent, and the two oviducts only combine just before 




opening by means of a com- 
mon genital aperture on the 
8th sternum. The male 
organs in Campodea consist 
of a smgle large testis, and 
a very short vas def^ens on 
either side. In AnajaPyx 
each testis consists p two 
lobes which closely resemble 
the two ovanoles of fihe 
ovary : in Lepisma there are 
three double lobes, segment- 
ally arranged, to each testis, 
and in Petrobius there are 
three single lobes which dis- 
charge close together near 
the apex of the vas def^ens. 
In the latter genus each vas 
deferens is double through- 
out the greater part of its 
course, the two canals thus 
formed being united by a 
senes of five transverse con- 
nectmg tubes. In both 
JaPyx and Lepisma thevasa 
dcferentia are convoluted 
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Flo. 328 — ^Reproductive Organs of PsTRyBtvs, 
Ventral Side 

A, ixiale ; B, female x, ist tboraac segmenl , 13, loUi abdominal 
4 d ; testia ; tw, vas efferens , vd, vas deferens , e, ejauilatory duct 
i. lAmd sac; 09, asdeagus, ov, ovariole, od, oviduct, g, gcmtalia 
Adaoted from Oudemans. 


and of considerable length. 
A ductus ejaculatorius, wbeU 
present, is always short and 
opens on the a^eagus. 

Post - Embryonic 
GrCwth. — Post-embryonic 


development has been prin- 
cipally <d)served in the Machilidae and has been studied by Heymons 
(S«to. Ges. naturf. Freunde, Berlin 1906, p. 253) and by VerhorfE {Zool. Am. 
38, p. 524). There appear to be at least six instars, including the adult> 
and in the first two the young insects are devoid of scales, the genitalia 
are as 3^t undeveloped, and there are no styli on the thoracic cox®. In 
tiie third instar scales are evident and small coxal styli axe present. In the 
fourth instar the gonapophyses are apparent, though short, and in the 
female their jointed character does not devdk)p until hiter. Other changM 
are evident in the mouth-parts, and the completed details of their struct^ 
are not assumed until after the final ecd}^. 'The changes undogoml ljb|a 




less 'ilutfi 1JioM» dt tite Ortl^optem, bat their ^plidty ie hursely 

conelAtbft Orith the absence of wings. In the Japygidee, Silvestri states 
that the aSBgs and youngs forms are protected beneath the body of the female. 
The growth changes axe slight, there being 
no increase in the munber of antennal seg- 
ments and most difference is seen in the 
forceps. The latter are toothless and 
straight in the first instar and assume the 
adult condition in the next instar. 

Literature. — ^Most of what is known 
concerning the structure of the Thysanura 
is to be found in the writings of a few 
authors. The most comprehensive work is 
that of Grass! (1887). For the Machilidse 
vide Oudemans (1888) , for the Lepismidai, 
lusoherich (1905) ; for the Projapygidae, 

Silvestri (1905), and the Japygidae, Verhoeff 
(1904). 

Classification The order is divisible 
into two sub-orders and five families as 
follows : 

Sub-order 1 . ECTOGNATHA 

Mouth-parts exserted, normal. Abdomen 
terminated by a median caudal filament and 
paired cerci. Malpighian tubes well de- 
veloped. 

FAM. 1. MACHILlDiS. — compound rvrs 

LARGE, OCELLI PRESLNl, ABDOMINAL SEGMENTS 
1-7 WITH KXSrRlILE VrSlCLLS *. STYLI USUALLY 
PRESENT ON THORACIC COXA: AND ON ABDOMINAL 
SIGMENTS 2-9. Pctrobius, Machihs, pfepmachxhs, Fig 22g--'AsAJAPrx tehicumbvb 
etc. (magnified) Italy, 

FAM. 2 . LEPISMIDiS. — compound eyes A/ter Sflvegtn, 1905. 

SMALL, OCELLI ABSLNT. ABDOMEN USUALLY WITH 

IXSERTILF vesicles: STYLI ABSENI FROM THORACIC COX.« AND USUALLY PRESENT 
ON ABDOMINAL SEGMENTS 7-9, OR 8-9. Leptsma, Acvotelsa, Ntcoletta, etc. 

Sub-order II. ENTOGNATHA 

Mouth-parts sunk within the head. Abdomen terminated by paired 
cejrci or forceps, median filament wanting. Malpighian tubes greatly reduced 
or absent. 

FAM. 3. CAMPODEIDiE. — ^i^irst abdominal segment without styli : 

ABDOMEN terminated BY CERCI WHICH ARB IMPERFORATE APICALLY. CampOdM, 

Lepidocampat etc. 

FAM. 4. PROJAPYGIDiE. — styli present on first abdominal segment : 
ABDOMEN terminated BY CERCI WHICH ARE PERFORATE APICALLY. PrOjapyX^ 

4najapvx. 

FAM. 5. JAPYGiPiE. — SlYLl present on first abdominal segment: 
ABDOMEN TERMINATED BY FORCEPS. Japyx, Hetcrojapyx, etc. 

General Literature on Apterygota and Thysanura 

OSAMPTON, I916.r-Tbe Orders and Relationships of Aptei^otan Insects. 
Irnut*, N.y. Ent Soc, *4. ESCHERICH, 1905.-Das System der Lraismatiden. 

43. EWING, t942.-Ongm and Classification of Apterygota. Pfoe. EiOtm, 






THVSANURA 


WaskngloH, 44 FERNALD, 1890.-The Relationships of Arthropods Johns 
Hophns Umv Studies, 4 GRASSI, 1887.-Anat Comp dei Tisamm e Consid gen 
sull’ organu/azione degh Insetti Att Acad d Ltnui (4), 4 HAASE, 1899.-Vide 
p 50 HANDSCHIN, 1929 .-Apteryf 50 ta m die Ttemelt D^utschlands Ted 16 
Jena HOULBERT, 1924 -Thysanoures etc de France I Encycl Scieut Pans 
LUBBOCK, 1873 -Monograph of the Collembola and Thysanura I ondon OUDE* 
MANS, 1888 Beit /ur Kenntnis der Thvsanura und Collembola Btjd tot Dterk I 6 
(Irans of Hutch paper of 1887 ) SILVESTRl, 1905 Nuova Contnb alia conos 
ten/a dell Anajapyx vewuhsus inti Siuola dAgm Portiu 6 (and many other 
papeis in the same journal) VERHOLFF, 1904 Zur Vergleich Morph und 
Syst dor Japvgiden Urh haiurg 1 WOMERSLEY, 1939 -Piumtive Insects of 
S Australia t vnl 



Order 2. PROTURA (Myrientomata) 


M inute insects with entognathous piercing mouth-parts: 

ANTENNA AND COMPOUND EYES WANTING. ABDOMEN 12-SEG- 
MENTED ; FIRST THREE SEGMENTS EACH WITH A PAIR OF SMAU 
APPENDAGES. TRACHEAL SYSTEM PRESENT OR ABSENT. MALPIGHIAN TUBES 



Rio 230 — AcmgJtTOiio!i sodbmoi (highly 
magnified). Europb. 
i.ddml; fi,ventr«l; S,ityU. il^SdvNtrl, 1907. 


REPRESENTED BY PAPILLiE. META- 
MORPHOSIS SLIGHT, CHIEFLY EVIDENT 
AS AN INCREASE IN NUMBER OF THE 
ABDOMINAL SEGMENTS. 

The Protura are minute whitish 
organisms — the largest species scarcely 
attain 2 mm. in length, and the 
majority are usually much smaller. 
They are widely distributed and occur 
in England and other European coun- 
tries, in India and in the United States. 
Owing to their very small size Pro- 
tura are easily overlooked, but they 
are not rare in certain types of moist 
soil, in peat and in turf : they have 
also been met with under stones and 
beneath bark. The order was first 
recognized by Silvestri in 1907, from 
Italy, and has since been very fully 
studied by Berlese (1909) whose mono- 
graph is accompanied by a wealth of 
anatomical detail. Owing to the ab- 
sence of antennae, the Protura have 
the habit of walking with the fore-legs 
held upwards in front of the head, 
these appendages probably function- 
ing as tactile organs. 

External Anatomy (vide PreU 
1913).— The head is pyriform, narrow- 
ing anteriorly. There are no visual 
organs but on either side there are 
a pair of minute structures termed 
by Berlese pseudocelli which are per- 
haps homologous with the post-anten- 
nal organs of CoUembola (vide p. 227). 
The kbrum is in the form of a pointed 
projection, while the mandibles and 
maxillae are withdrawn into the head 


(Fig. 231). The former aj^endages are stylet-like and adapted for pierc- 
ing. Ihe maxillae are divided into an cuter and an inner lobe, and the 
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paipE ore 3< or 4>jointed ; either tihe iomr or both. * 
piercing organs. The laHuro is composed of a basal 
pointed glossse, but there appear 
to be no structures clearly homo- 
logous with paraglossae : the labial 
palpi are short and 2- or3-jointed 
(Fig. 232). No organs compar- 
able with superlinguse are de- 
scribed by Berlese. The thorax 
is clearly defined with the first 
segment considerably reduced : 
the legs are long with i-jointed 
tarsi, each of which is terminated 
by a single claw. The abdomen 
is very long and slender : in the 
newly hatched insect it is 9-seg- 
mented and, during post-embryo- 
nic development, three more 
segments are added by intercalary 
growth between the last tw o 
segments. This anamorphosis, or 
increase in the number of seg- 
ments after emergence from the 
egg, is a Diplopod and Chilopod 
character. The first three abdo- 


Fig, 231 , — AcEHJSjfTvivii TJihMis, Ventrai 
View of Head showing Right Maxill\, 
LEFT Lobe of Labium (Gh) and Tentorium 
(T). 

Cd, card© ; C/, galea ; Cn, gena ; L, labrum ; Lf, lacmia ; 
L%, basal sclerite of labium , Af, apex of mandil le ; PI, labial 
palp ; Pm, maxillary palp , sf , stipes , Pg , tubules of maxiUttry 
gland. After Berlese, Redta, 1909. 

minal segments each carry a pair of 
small appendages (Fig. 230) : in the 
Eosentomidse they are 2-jointed, the 
second joint being reduced and provided 
with a protrusible vesicle. In the Aceren- 
tomidse only the first pair is 2-jointed : 
the others consist of a single minute 
joint. Cerci are Absent in the order, and 
the name Protura is derived from the 
simple telson-like 12th segment. 

Internal Anatomy (Fig. 233). — ^The 
alimentary canal is a simple straight tube 
and its most extensive r^on is the large 
cylindrical stomach. Two pairs of mai^ 
1^ glands and a pair of labial (salival^ 
glands are present. The Malpighian 
are represented by six uni- or bi-c^liOr 
pi^illae di^sed in two gproups of three. The nervous system consists ^ 
the tnrain ; with fused infra-oesophageal and prothoraac ganglia, ebM 




Fro. 2^2,-^AcBsjtvTUiua coNFiyi ;8 

Mp right mandible; M, 




left maxilla ; Cd, 
01, galea; 1^1^, 
X909 



AHminr m 

there fiieTemeisiuntetii^^ first six aixSmii^ 

md wegmeats* tsa qeimeotives thitm^out are double. The tenuinal 
ganghon is laxger than those preceding and there is a supplementary gang- 
lion <an each pedal nerve at the bases of the legs. In those forms possessu^ 



Fig 233 . — AcsRFyTPios cowfinos. Female General Anatomy. 


Af, brain ;ig[ gerniaiium, gl abdominal gland , A, hind intestine , m mid intestine , mt, excretory papillae ; ne, netva 
fiord. Mi, oviduct, oe, fore intestine , 00, oocytes, ov, mature ovum. Adapted from Berle&e. iiedui, 1909. 


a tracheal system (Fig 234) the latter communicates with the exterior by 
means of two pairs of spiracles— one pair on the mesothorax and the other 
jjair on the metathorax There is no communication between the tracheae 
associated with the spiracles of one side or of opposite sides of the body. 

The reproduchve system in the female consists of 
a pair of panoistic ovaries and oviducts ; the 
latter combine to form a short vagina which 
opens by a median pore between the nth and 
I2th abdominal segments Each ovary extends, 
when mature, from the metathorax mto the 9th 
abdommal segment and is homologous with a 
single panoistic ovanole in other msects. The 
germarium is situated m the reflexed apex of the 
ovary and from it is derived a single chain of 
egg-cells. In the male the testes are a pair of 
elongate sacs which are united anteriorly about 
the level of the mesothorax. The vasa deferentia 
are closely coiled tubes which enter the sedeagus 
separately : the latter organ is protruded be- 
tween the nth and 12th segments. The ger- 
manum is apical and the remamder of the testes 
contains spermatozoa in various stages of de- 
velopment. The ctrculaU)ry system is of a 
peculiar nature : there is no pulsatory dorsal 
vessel but its position is occupied by a longi- 
tudmal trough-like filament termed by Berlese 
Omuch retracted) the pericardial cord. 

M^ocpbtiio tcacbca, M, thoiacK Affinities. — ^The systematic position of the 

Protura cannot be regarded as being settled and is, 
at present, largely a matter of opinion. Berlese 
end Comstock maintain that they form a class of their own— the M3aiento- 
On the other hand, Silvestri and Bfimer place them among the 
The mouth-parts are insectan in character and are not unlike 
those of suctorial forms among CoUembola. The differentiated thorax and 
thsee pairs of 1^ are also insectan features, together with the reduction 
15 



226 PROTURA 

o! the abdominal appendages. Those who maintain the view that the 
Protura represent a class of their own, base their conclusions mainly upon 
anamorphosis, the absence of antennae, and the position of the genital 
aperture. It is noteworthy that the absence of antennae is probably a 
secondary feature, and these organs are reduced to the condition of mmute 
papillae m many msect larvae The number of abdominal segments, further* 
more, agrees with the primitive number found m embryo msects, and the 
most important non-msectan character is the occurrence of anamorphosis. 

Glassification.— The order is divided by Berlese mto two famihes as 
follows 

FAM. I. ACERENTOMID^.— SI COND and third abdominal appfndagcs 
i-joiNiJD TRAtHiAL sYsTi'M ABSFNi Acerentmon, Acermfulm ProUntmon 

FAM. II. EOSFNTOMID^E.-suond and third abdominal appindages 
2*joiNrLD TRACiuA PRFbi NT 1 osentomon {includmg Protapuroti) 

Literature on Protura \ 

BERLESE, 1909 Myrientomata Redia 6 EWING, \l940.- 

Protura of N America Ann hntom boc Am MILLS, 1932 -( atalogue^f the 
Protura Bull Brooklyn hnt !>oc 27 PRELL, I913.-Die ( hitinskelett von Tosm- 
tomon Zoologua 64 SCHEPOTIEFF, 1909. btudien ulxr nicdtre Instcttn \Zool 
Jahrb AH byst 28 SILVESTRI, 1907 Descri/ione di novo gtnere di Tnsctti 
Apterygoti rappustntanti di un novo Ordim Boll lab Zool PotUn t TUXEN, 
1931 .-Monographic der Proturen I Ztih Morph u Biol lure 22 WOMERS- 
LEY, 1927-29. Notes on the Bntish Protura, etc hnt Month Mag 63-65 



Order 3. GOLLEMBOLA (Spring-tails) 


M outh-parts entognathous, principaixy adapted for biting; 

ANTENNA USUALLY 4-JOINTED, COMPOUND EYES ABSENT. ABDO- 
MEN 6-SEGMENTED, usually with 3 PAIRS OF APPENDAGES, i.e. 
an adhesive ventral tube on segment I, A MINUTE HAMULA ON IH, 
and a forked springing ORGAN ON IV. THEY RARELY POSSESS A TRACHEAL 
SYSTEM AND THERE ARE NO MALPIGHIAN TUBES. METAMORPHOSIS ABSENT. 

CoUembola are small insects rarely exceeding 5 mm. in length, and 
occur in almost all situations. They are found in the soil, in decaying 
vegetable matter, among herbage, under bark of trees, etc. A few species 
frequent the nests of ants and termites, others occur on the surface of 
fresh water and several are littoral or marine : Anurida maritima, for 
example, is daily .submerged by each tide. The only condition which 
seems essential for their welfare is a certain amount of moisture, for they 
are rare in very dry situations. The order is world-wide and is remarkable 
for the extensive distribution of many of its genera and species. Isoioma, 
for example, is known from both polar regions, and is distributed through- 
out Europe and many parts of N. America. It has been recorded from 
Argentina, Sumatra, the Hawaiian Isles, Azores, etc. Among individual 
species, Bourletiella hortensis occurs in Europe, N. America, Tierra de 
Fuego and Japan, while Achorutes armatus has an even wider range. 

CoUembola vary very much in coloration. Many are of a imiform 
dull blue-black, as in Anurida ; others arc green or yellowish with irregular 
patches of a darker colour : a few species are banded, some are all white, 
one or two are bright red while metallic forms are not infrequent. In 
habits they are saprophagous or phytophagous. 

External Anatomy (Figs. 235-239). — In the greater number of species 
the body is clothed with hairs but some genera, notably Totnocerus and 
Lepjdocyrtus, are scaled. The hairs vary in shape, often on different 
regions of the body : they may be simple and tapering, clavate, flattened 
and partially resembling scales, or plumose. The antennae vary greatly 
in length and the distal joints may be secondarily annulated. They are 
typically 4-jointed : the maximum number of six joints is found in 
Orchesdla. In the Neelidae the antennae may be diorter than the head, 
while in some of the Entomobrjddae they are much longer than the whole 
body. Sensoiy oigams of varied types au^e usually present on the last 
two joints and take the form of cones, rods, pits or papillae. A variable 
number of ocelli are generally present on either side of the head behind 
the antennae : there aire never more thain eight to a side and often much 
fewer. In some CoUembola they are absent as in Onychiurus {Lipura) 
and Cyphoderus. Immediately behind the antennae there is a veiy 
characteristic structure known as the poslrantennal organ. The latter 
assumes a great variety of forms among different g^era, being simple 
and ring-like in Isotoma, in the form of a rosette in Anwrida, while in 
Onychiurus it attains considerable complexity of structure. It is evidently 

237 
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from the laot tiiat it has « special iwfw-s^ty; itid Ube 
tmaess of Its cuticular mvestmeat sug^fests its cSpability for xBCelvke 
memal stouli, possibly of an olfactory nature. The movffhimte fvide 
f ote^, 1899) are de^ly withdrawn into the head and are greatly 

wmch allows of their freedom of movement when they are protruded' 
Thar deeply- 
^ated position 
is a secondary 
acquisition and 
has been 
brought about 
in the following 
manner. In 
the embryo, the 
sides of the 
head develop 

from a pair of Fic. 235. — Structural Details or Collbmbola. 

lateral evacina- A, AxtUonia. pigment surrounding eyes ; v, ventral tube ; A, hamula ; w, m^ubrium • 

4 . u Carpenter. B, Tomocerus ; h, hamula :T ooipui : 

tions 01 tne n ramus. WiUem, igoo. 



germ band. 

These evaginations eventually fuse with the developing fundaments of the 
labrum and labium and, in this way, form a kind of enclosing box which, by 
further growth, comes to surround the remaining mouth-parts. The mou&r 
cavity is roofed over by the labrum and clypeus, both these sclerites being 

exhibited, for example, 
a --yi in Anurida. The man- 

dibles (Fig. 236)' are 
slender organs usually 
with toothed extremi- 
ties. The maxillae eadi 
consist of a complex 
apical portion or 
" head ” which pos- 
sibly represents a lad- 
nia. In some species a 
digit-like palpifer is 
\ present : it carries a 

j vestigial palp and the 

I galea. The cardo and 

stipes are variable in 
form and sometime^ 
rod-like. The $up»- 
linguae are well de^ 
veloped lamellate strotf-' 

fsa, 236. — ^Mouth-parts op Oacamutd , Dorsal View. tures overlying fhi* 

PjgalM; », hypo|di«ryn« and iti palled* *» : I.laelnia8 te.lha. hVPOphaiVnX *. aS li 
Iwum: M, ripat mandibl^ A, maijUarf pulp: tfa pupils a ^ . - * *** * ® 

•upnliwuA PwUyitfWl'ofto. I* art 

P . divided but in 

they are bHobed. The hypopharynx is provided with a paih^^., 
pediceb which articulate proximally widi the carcUnes of ^ 
The labium is very much reduced and, although it 
s a paired structure, neither glossa nor paraglossse are separat^: 
d. Labial palpi have been detected in the eai:ly emlnyo but‘4is‘i^ 
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rule Atnmtm ‘In Nmumi «itd its Sfltes ihe nunttb- 

part$ $S 6 , lor sodding and {derdng : tbe latoim and tabiom 

together fobm a ccmical tube eadosing the rest of the mouth-parts, the 
latter being modified into stylets. Ine thorax, in the more generalized 
forms, consists of three very similar segments but in the Entombryidae 
the prothorax is greatly reduced, and its tergum is undeveloped. In the 
Symphypleona the thorax becomes intimatdy fused with the abdomen 
and its segmentation is, to a large extent, obsolete. The legs have no 
true tarsal joints and the tibise generally terminate in a pair of claws, an 
upper and a lower, but the latter may be vestigeal or wanting. The 
abdomen is composed of six segments only: in diis respect CoUembola 
differ from all other insects and, at no stage in development, are there 
known to be more than that number present. In some of the Arthro- 
pleona the 4th and 5th, or 4th to 6th segments undergo fusion, while in 
the Symphypleona the first four segments are almost entirely undifferen- 
tiated. On the ventral aspect of the first segment, in all CoUembola, 
there is a bilobed structure known as the ventral tube (vide Hoffmann, 

Zool. Anz. 1904). It is formed by the 
union of the first pair of embryonic 
abdominal appendages, and consists of 
a basal column containing a pair of 
protrusible vesicles. The latter are 
commonly in the form of shaUow sacs 
but in some genera they are long and 
tubular. The cavity of the ventral 
tube freely communicates with that of 
the body and contains blood : the 
vesicles are everted by means of blood 
pressure, while they are withdrawn by 
the contraction of special muscles. 
Many divergent opinions have been 
expressed with respect to the function 
of the ventral tube, and the view 
which has received the widest support 
is the one which regards it as an 
adhesive organ, enabling the insect to walk over smooth or steep sur- 
faces. In this connection it is noteworthy that the surface of the 
vesicles is moistened by the secretion of cephalic glands which is dis- 
chai^ed into the commencement of the ventral groove (Fig. 237). The 
latter is a cuticular channel passing down the middle ventral line of the 
body : it arises from a point just behind the labium and terminates on the 
anterior aspect of the ventral tube. Many CoUembola retain a minute 
pair of appendages on the 3rd abdominal segment. They are fused 
proximaUy to form a basal piece or corpus, while their distal portions 
remain free and are termed the rami. The organ thus formed is variously 
known as the retinaculum or hamula, and it serves to retain the furcula 
in position, when the latter is stowed away under the abdomen while not 
in use The majority of CoUembola emry a pair of partially fused appen- 
dages in rdation with the 4th abdomin^ s^^ment. They constitute the 
furcula, or springing organ, which enables the insect to take sudden leaps 
into the air— hence the name of " ^ring-tails " which is commonly appUed 
to the members of this order. When released from the hamula, the 
extensor muscles of the furcula contract, and the latter organ is fordtUy 



Fig. uaritima. 

A, doml B, \enlral; a, anus; g, genital pore 
a, ventral tube , vg, ventral groove C, D, F , trans- 
ver'-e sectional of ventral gioove in regions of the 
btad^ prothorax and metathorax respectively. T, 
eyes and post-antennal organ, right side 
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polled downwards and backwards so as to strike the ground and propel 
the insect a relatively long distance into the air. The common basal 
piece of thefur- 

cula is termed ^ ^ b I \ \ 


cola is termed 
the manubritm 
which carries a 
pair of distal 
arms or dentes : 
each dens car- 
ries a very vari- 
ably shaped 
claw-like pro- 
cess or tnucro. 
The furcula 
varies greatly 
in develop- 
ment ; in Ento- 
mobrya, for 
example, it ex- 
tends, when at 
rest, to beyond 
the ventral 
tube ; in Acho- 
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Fig 238. — ^Struct URAL Details of Collembola. 

a, Podura, claw of l<>ft leg ; b, left mucro ; c, IsotomUt eyes and po<;tantennal organ , < 
left miicro; e, Leptdocvrtus, claws of left 1(R » Onycluurus, right postantennal organ , j 
Smtntkurtd^^ Ipft miicm. Adnnted from tolaom. 


rutes it is often 

very short, while in Neannra and Anurida it is wanting. Tlie sexes are 
similar in Collembola, there being no genitalia : the genital aperture is 
placed near the hind margin of the 5th sternum, while the anus is located 

on the 6th sternum. 



Internal Anatomy (Fig. 240). — The 
alimentary canal is a simple straight tube, 
passing from the mouth to the anus with- 
out presenting any convolutions. The 
greater portion is formed by the exten- 
sive mid-intestine and the latter, in 
Neelus, is subdivided into four subequal 
chambers. With the exception of sali- 
vary glands, there are no appendages of 
the alimentary canal. The central ner- 
V014S system is considerably specialized 
and consists of the cerebral ganglia and 
a ventral nerve-cord composed of four 
ganglionic centres — the sub-oesophageal 
and three thoracic ganglia, which are 
united by double connectives. There are 


Fto. 239.— CoLLEMBotA, symph' - HO Separate abdominal ganglia, the nerve 
PI.B0N4 j^agnified). Centres of that region having fused with 

A, sm i MmU m Afitr wiflejn. I, the metathoracic ganglion. In the Smin- 

thuridae the ventral ganglia are closely 
merged together, there being no intervening connectives. The heart, in the 


more generalized forms, consists of a series of six chambers with paired 
lateral ostia and alary muscles at each of the constrictions. Anteriorly, the 
heart is prolonged into the aorta and in Anurida the latter vessel surrounds 


the {(ve-intestine in the form of a cylinder which opens in the head 



Fig. 240. — Acborutes tiatjcvs. Longitudinal Section. 

a, anus ; b, brain ; furcula ; g genital pore . gi, gouoduct ; h, hamula ; t, mid intestine 
n, nerve cord ; v, dorsal vessel ; ventral tube. After Willenii 1900. 


INTERNAL ANATOMY , 931 

beneath the eerehral f^aigSa, There are no Malp^hhoi tubes and excretUm 
is chiefly performed by the fat-body. The latter omtains numerous 
concretions which, ar^rdi^ to Willem (1900), are composed of urate of 
soda. These concretions increase in size with the age of the individual 
and are not eliminated from the insect. It is noteworthy that an analo- 
gous method of excretion is met with in the renal vesicles of Ascidians. 

In addition to 
•''' the fat-body, 

the epithelium 
of the stomach 
performs an 
excretory func- 
tion. Folsom 
and Welles 
{Stud. Univ. 
Illinois 2, 1906) 
have shown 
that the mid- 
gut cells con- 
tain concretions of a similar nature to those found in the fat-body. These 
congregate in the inner halves of the cells, which divide off from the 
remainder, and are periodically discharged into the stomach cavity. They 
are removed from the body during each eedysis, and a regeneration of 
the epithelium takes place. 

Respiration in the majority of CoUembola is cutaneous but in Smin~ 
thurus, Sminthurides and Actaletes tracheae are 
present (Fig. 241). They are best developed 
in the first mentioned genus where there is a 
single pair of simple spiracular openings be- 
tween the head and prothorax. Tracheal 
branches are distributed to the head, legs and 
abdomen, but no anastomosis takes place be- 
tween the tracheae of opposite sides of the body. 

The reproductive system is of an extremely 
simple nature : the gonads consist of a pair 
of large sacs, their ducts are extremely short 
and they unite to form the vagina or ejacu- 
latory canal as the case may be. The ovaries 
contain groups of vitellogenous cells and de- 
veloping eggs but there is no arrangement into 
ovarioles, and the testes are fiUed with dense 
masses of developing spermatozoa. Unlike 
other insects, the germarium in both the 
Ovanes and testes is lateral and not apical 
in position. Accessory organs are usually 
wanting in both sexes. 

Post-Embryonic Growth. — ^The eggs of 
CoUembola are smooth and spherical, usually cream-coloured, and are 
deposited in small groups. The newly-hatched insects are white excepting 
for an area of dark pigment surrounding the ocelli. Several eedyses are 
passed through before fuU growth is attained, but the changes involve no 
important differences betwerai the young and the adult insects. They 
dhiefly consist of an increase in size and in pigmentation, and a further 
differentiation of ^e joints of the antennae and furcula. 



Fig. 241, — Smintbubub roaevt^ 
Tracheal System. 

A, head; a« apirade. After Wffleiii, 
X900. 
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The species SmifUhums viruiii has beta more ftiify sMMl thus tay 
other. It feeds on the leaves of Various pltats, espec^y " 
and, according to MacLagan (1932), the optimum conditions for growth 
are a humidity near saturation and soil with a pK of about 6*5. Und^ 
these conditions, and a temperature of about 13® C., the maximum number 
of eggs laid per individual is about 120 : they are coated with soil voided 
through the anus. The incubation period is near 26 days and about 48 
days elapse from eclosion to sexual maturity. There are eight instars 
and the last ecdysis takes place after attaining sexual maturity. As an 
adult the insect lives for about 15 days : the life span, from the egg on- 
ward, is approximately 2j months and there are five generations in the 
year. 

A very characteristic feature of Collembola is a tendency to gregarious- 
ness or the massing together of enormous numbers of individuals comprising 
both adult and immature forms. This behaviour has been noted ii various 
countries (vide Turk, Nature, June, 1932) but its significance is unknown. 
In some cases it may be connected with an abundance of a particular food 
or in others with migration. \ 

Literature on Collembola* — ^Faunistic and taxonomic writings\on the 
order are numerous : these, along with the morphological literature, have 
been listed up to 1906 (vide Imms). A general monograph on these insects 
needs to be written as the treatise of Lubbock (1873) is now out of date. 
Among the more important taxonomic works, useful to students of the 
British species, those of Schott (1893) and Linnaniemi (1907) may be men- 
tioned, together with the papers by Carpenter and Evans {Proc. Roy. Phys, 
Soc. Edinburgh, 1900) and by Womersley {Proc. Roy. Irish. Acad. 39, Section 
B,, 1930). The chief work on the structure of Collembola is that of Willem 
(1900), while the detailed anatomy of Anurida has been investigated by 
Fernald (1890) and Imms (1906) and that of Tomocerus (Macrotoma) by 
Sommer (1885). The classification of the order is due to Bomer (1913) 
and a useful synopsis of the system elaborated by this author is given 
by Shoebotham {Ann. Mag Nat. Hist. (8), 19, 1917). 

* Classification. — ^The following classification is based upon that of 
Kmer except that the older, and well defined, subdivision of the Arthro- 
pleona into two families is adopted. 






SUB-CLASS PTERYGOTA 


Order 4. ORTHOPTERA (Cockroaches, Stick Insects, 
Grasshoppers, etc.) 

I NSECTS WITH TYPICAL BITING MOUTH-PARTS : SUPERLINGUfi VESTIGIAL 
OR ABSENT : LIGULA 4-LOBED. VENATION OF A GENERALIZED TYPE, 
OFTEN WITH ARCHEDICTYON AND SUPERNUMERARY VEINS. FORE-WINGS 
ELONGATE AND NARROW, MODIFIED INTO SOMEWHAT HARDENED TEoillNA t 
HIND-WINGS MEMBRANOUS, AND MORE DELICATE, WITH AN EXTENSIVeIaNAL 
AREA ; APTEROUS AND BRACHYPTEROUS FORMS COMMON. ABDOMEN USU^Y 
WITH JOINTED CERCI OF SHORT OR MODERATE LENGTH: AN OVIPOSITOR 
GENERALLY PRESENT. METAMORPHOSIS SLIGHT OR WANTING. \ 

The Orthoptera form an order of more especially terrestrial insects Vnd 
many possess greatly developed powers of running or leaping. Except in 
certain Acridiidae, flight is not one of their striking characteristics, and 
alary organs are often abortive or totally wanting. It is noteworthy that the 
numerous flightless species are not restricted to any particular division of 
the order, but occur in all the families. Among the exceptional Orthoptera, 
perhaps the most interesting are the few which have adopted aquatic habits 
They include several species of Blattidae and Acridiidai and one of the 
GryUidae, but these insects do not exhibit any very striking modifications 
in accordance with their mode of life. In the case of the Blattidae (vide 
Shelford, Zoologist, 1907) ^key are able to undergo voluntary submergence 
and rest with the apex of the abdomen in communication with the air, but 
are not in any way structurally different from terrestrial species. The 
aquatic Acridiidae belong to the Tetriginae {Scelimena) and these insects 
have the hind tibiae and tarsi dilated for swimming. They readily take 
to the water and are good divers (Green, Ent. Month. Mag. 1902). The 
aquatic Gryllid Hydropedeticus (Miall and Gilson, Trans. Ent. Soc. 1902) 
is extremely active and skates on the surface of streams in Fiji. 

Orthoptera are insects of comparatively large size — ^very small species 
are infrequent, while some members of the order are among the largest of 
existing insects. The number of recorded species is approximately ao,ooo 
and about 500 inhabit Europe. In Britain there are only thirty-one indigen- 
ous forms, while eight others are immi^nts, which have become naturalmed 
and regularly breed here. In addition to these, there are a number of 
casual species which have not secured a permanent footing in our islands. 

External Anatomy. — ^The general structure of Blatta is described in 
the work by Miall and Denny (1886) and dther this genus or Periplaneta 
is extensivdy used in zoological laboratories as the introductory type 
exemplifying insect morphology. Since the Blattidae are the most general- 
ized of the Orthoptera, a study of a tjrpical member of that family forms 
an adequate basis for a more extendi acquaintance with the order. 

The head, excepting for vjaria,tions in size and form, exhibits a remarkable 
uniformity of general organization. The Y-shaped epicranial suture is well 
seen, for example, in Blatta (Fig. 4) and GryUus: in Mantis and Teirix, on the 
Other hand, the anterior arms are reduced and evanescent. The compound 
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eyes attain their greatest size in the Mantidse, while in the Blattidse they 
are ttiarkedly reniform : they are usually surrounded by narrow band 4 ike 
ocular sclerites which are well exhibited in Blatta, Mantis and Mdanoplus. 
The typical number of ocdli is three, but these organs are frequently want- 
ing in the Tettigoniidae and Phasmidae, while they are vairiable in the 
Blattidae and Gryllidae. Among the Blattidae, they are best developed in 
the winged forms, and exhibit a tendency to disappear in species in which 
the wings are abbreviated or absent. In Blatta there is no median ocellus, 
and the lateral ocelli are represented by a pair of pale-coloured areas, often 
refared to as fenestrae. In Mantis the ocelli are distinctly larger in the 
males than in the females. The frons is always well developed, and the 
fronto-clypeal suture rarely wanting : both clypeus and labnim are large. 
The antenna are typically long, setaceous appendages composed of many 
joints : in the Acridiidae, however, they are shorter than the body, and 
may be more or less clubbed or ensiform, while in the males of some Mantidae 
they are pectinated. Band-like antennal sclerites are to be seen in many 
members of the order. ITie mouth-parts (Figs. 8 and 242) have been 
studied in detail by Bugnion (1920), Mangan 
(1908) and Yuasa (1920). The mandibles do not 
call for any detailed mention, they frequently 
articulate with the head through the interven- 
tion of a small basal sclerite on either side — the 
trochantin of the mandible) a prostheca is present 
in Blatta and Peripianeta but is not of common 
occurrence. The maxilla are of the generalized 
t5q)e already described (p. 19). The galea is 
2-jointed, a subgalea is generally present, and 
the cardo is divided into two sclerites : the 
maxillary palpi are uniformly 5-jointed. The 
labium is characteristically primitive, and the 
palpi are 3- jointed : the prementum generally 
exhibits clear evidences of its paired origin, and 
each division carries a glossa and paraglossa. In 
certain Acridiidae (Melanoplus) the glossae aire 
exceptional on account of their extreme reduc- 
tion (Fig. 242). The hypopharynx is large and 
well developed, auid small laterad chitinizations are present which have been 
regarded as vestigeal superlinguae. The cervicum is characterized by three 
pairs of cervical sclerites (Fig. 28). The most striking featme in the thorax 
is the large shield-like pronotum which also extensively overlaps the pleura 
on either side. In certain of the Acridiidae the pronotum is divided by 
means of transverse sulci into four areas : the latter, however, are evi- 
dently not homologous with the tergites of the remaining thoracic s^- 
ments which are devdoped in conformity with the requirements of flight. 
The meso- and meta- thorax are very much alike, and often structurally 
identical : according to Snodgrass, the postnotum is wanting from both 
those segments. The legs (Figs. 20 and 22) differ very much in character 
among the different families, and their modifications are referred to under 
the latter. In a broad sense Orthoptera are divisible into those which run 
or walk (Cursoria) and those which leap (Saltatoria). In the first men- 
tioned division the three pairs of legs are very similar and the tarsi are 
5'jointed. In the Saltatoria the hind-legs often attain a great length with 
the femraa swollen proximally : the tarsal joints vary in number and are 



Fig 242. — Labium of Mbi/^ 
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always fewer than five. Among other features, the broad &tteiued coxce 
of the Blattidse, and the presence of a meron in rdation with the middle 
and hind pairs, may be mentioned; the prehensile fore-1^ of fibe 
Mantidx, and the highly specialized fossorial anterior limbs of the Gryl> 

lotalpinse are also noteworthy. 


^ \ 




M: 


^ \ The anterior pair of mngs are 

y \ / yf \ usually referred to as tegmina ; 

( )lf \ ( IT' somewhat hardened and 

t v , ■, \ iiaT ft irl/ parrhmcnt-like in consistency, a 

\ \ \ feature which enables them to 

Y 1 ^ serve as shields for the more 

\ I ^ I delicate membranous hind-wings. 

I I \ I The latter are characterized by 

\ ‘ the great development of the anal 

\\ 7^* area which may occupy the major 

# ' portion of the wing. Whm at 

f i' lest, the left tegmen usually 

1 f ^ -i slightly overlaps the right We, 

\ wings are folded in a 

\ longitudinal manner beneath 

\ them. The degree of develop- 

_ „ ment of the alary organs presents 

SIO 243-Si.rr. sliohtlv ln variations throughout the 

order As a rule, the tegmina are 
elongate and relatively narrow, but they may be reduced to mere scales 
as in many Phasmidie, In other cases, both pairs of wings may be so 
reduced as to be useless for flight, as, for example, in the female of Blatia 


Fig 243 — Biaita oBirih rAiis, slightly ln 
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oricntali’i (Fig. 243). In some 
genera the bases of the teg- 
mina only persist as stnduU- 
tory areas and there are, 
furthermore, a large number of 
giecies entirely devoid of alary 
oigans. The development of 
the wing veins merits much 
fuller investigation than has 
hitherto been accorded to it 
In some Blattidse the wing 
tracheae clearly approach very 
closely to the primitive h5rpo- 
thetical type since the basal 
transverse trachea is not de- 
vdoped. According to Corn- 
stock and Needham the costal 
trachea is wanting or vesti- 
geal : Sc is well developed and 
both it and R often give off 
many supernumerary branches 
towards the anterior margin of 



Pig. 244. — Right Wings of PiRiPnirjiTA Avartuif^ 
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the wing. This development of accessory veins is characteristic of the order, 
and a large number are present to give support to the extensive anal area 
jii;if the hind-wing. The venation (Figs. 244, 245) as a whole is of a gen^ 
ijiaed tsrpe and, with the exc«g>tion of C, ^ the primary veins are 
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seQttid ; t. eosmoicm £catui» is iJbe freqiioit feductian o! Rsand M. Although 
vf< dcmuh^Md cfOss'Vsdns sre present, the ^aces between the veins are 
{r^entiy occupied by an irregular network, which is a survival of the 
primordi^ ardiedictyon. 

The abdomen consists of ten evident segments which are represented 
by their terga, while vestiges of an eleventh segment are to be found in 
the suranal and podical plates. On the ventral aspect, the first sternum 
IS wanting or much reduced ; sterna a to 9 are to be observed in the males, 
and the loth sternum is vestigial or absent in the adults of both sexes. 
In the females of BlaUa the last visible sternum is the 7th, and the 
8th and 9th sterna are telescoped into it to form the genital pouch. 
A more primitive condition is exhibited in Gryllotalpa where the genital 
pouch is not developed : in this insect the 8th and gth sterna are externally 
visible, the last mentioned plate being represented by a pair of small 
shields. In the males, the 9th sternum bears a pair of anal styli: the 
latter organs are present in the nymphs of both sexes but m BlaUa, for 
example, they disappear in the female after the fifth eedysis. 


Cerci are generally 
present and vary 
greatly among differ- 
ent families. These 
organs are long and 
8-jointed in Oryllo- 
blatta ; short and 16- 
jointed in BlaUa , very 
long and unjomted in 
the Gryllidae and re- 
duced to small pro- 
cesses in the Acndiidae. 
An exserted oviposi- 
tor is well developed 
in GryUoblaUa (Fig. 
247) which in this re- 



spect is unique among 1 ig, 245.— tRight Wings of SaustoctncA. 
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also present in almost 

all Saltatoria. In the Blattidae, Mantidae, and Phasmidse it has undergone 
great reduction and is not evident without dissection. When completely 
developed the ovipositor consists of three pairs of gonapophyses of whid^ 
the outer pair forms the long blades in GfyUoblaUa and Tettigoniidse ; the 
middle, or inner, pair is composed of slender processes, which fit in grooves 
situated on the first or lower pair of gonapophyses (Fig. 45). In Acridium 
all the parts are very short and the inner gonapoph}^s minute ; in BlaUa 
there are similarly three pairs of reduced genitaha, which are concealed in 
the genital pouch. 

One of the most characteristic features of the Saltatoria are the stridu- 


latory organs and, with very few exceptions, it is the males alone which are 
capable of sound production. These organs are of two principal types : (a) 
alary and (&) the femoro-alaiy. The first type is seen in the Giy'Uidte 
fUd Locustidse. In Gryllus each tegmen bears a rasping organ or file and 
a hardened area or scraper, the file of the one tegmen workmg against the 
em<aper of the other. In the Tettigoniidse on the other hand this two-fold 
ix mnhidextrous arrangement is no longer maintained. The file is only 
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functional on the left tcgmen and the scraps on the right one. In the 
Acridiid subfamily CEdopodinae stridulation is produced by the frictjpn 
of the upper surface of the costal margin of the wings against tte lower 
surface of the thickened veins on the tegmina. Fenioro-alaty stridulatory 
organs are characteristic of the remainder of the Acridiidae. Sound is pro- 
duced by rubbing the inner aspect of the hind femora, upon each of which 
there is a row of projecting pegs, against the thickened basad area of the 
radius of each tegmen. Auditory organs (vide p. 91) aure present in all 
sound-producing species. Whatever the type may be, each organ consists 
of a thin cuticular membrane, or tympainum, whose vibrations are trans- 
mitted to the sensory centres by means of scolopalae, which are connected 
with the nerve endings. In the Acridiidae the auditory organs axe highly 
specialized, and their tympanal portions are seen one on either side of the 
first abdominal segment. In Tettigoniidae and Gryllidae these organs 
are different in type and consist of a pair of tympana situated near the 
proximal end of each fore- tibia. In many genera these t3nnpana are l^eely 
exposed but, in some cases, they are largely concealed. In the latter eivent 
each is covered by an integumental fold, so that it comes to lie in a cavity, 
which only communicates with the exterior by means of an elongate slit- 
like opening. 

Internal Anatomy.— The principal features of the digestive system (Figs, 
108,111) are the presence or absence of convolutions and of enteric cceca, the 
number and disposition of the Malpighian tubes, and the form and internal 
structure of the gizzard. As a general rule the oesophagus expands into a 
capacious crop, which is succeeded by an elaborately developed gizzard. The 
mid-intestine is variable in length and frequently convoluted : except in the 
Phasmidae, there are two to eight enteric cceca. The Malpighian tubes 
are numerous (circa 30-120) and filiform, and in the hind intestine there 
are six rectal papillae. Salivary glands are, in general, well developed and 
lobulated (Fig. 154), each lobe consisting of groups of glandular acini (vide 
Hofer, 1887) : salivary reservoirs are also present in the majority of species. 
The detailed structure of the digestive system has been very fully inves- 
tigated by Bordas (1898) in a number of species and its characteristics in 
different families are as follows. 


Phasmid^. Alimentary canal without any convolutions, the gizzard atrophied 
and m enteric co^. The anterior portion of the mid-intestine with thick circular 
musete bands : the posterior region with numerous superficial glandular papilla 
and drawn out terminaUy into filaments. Malpighian tubes grouped in bundles 
Opening at the summits of tubercles. ® ^ 

Bto^^'ff^.^Alimcntary canal long and sinuous, the crop voluminous and the gizzard 
fffovid^ wth a powerful masticatory armature. Eight tubular enteric cceca: 
Malpighiw tubes arranged m six groups (Fig.ioS). 

^^Uimentary canal either straight or sinuous, the crop well developed, 
wd ^e gizzard rudimentary, Eight tubular enteric coeca and voluminous salivary 
glands. ^ 

AcHdiid<s, —AlijxientB.Ty canal straight, the crop large and the gizzard wanting 
or vestige^. The mid-mtestme longitudmaUy plaited ; six enteric coeca each provided 
wxtt a short posterior diverticulum. Malpighian tubes disposed in bundles and 
sahvary glands rudimentary. 


Tethgomtda.—Alimentaxy canal long and convoluted, the crop well developed, 
^e gizzard voluminous and provided with a very powerful internal armature of teeth 
mspewed m six ridges. Two sac-like enteric coeca embracing the gizzard laterally, 
aialpighi^ tu^s capillary, opening in groups at the summits of small papilla. 

GtyUtda,— The alimentary canal long and convoluted : the crop and gizzard large, 
I?®, . with a strong chitinous armature. The enteric coeca as in I/ >c ustida l 
Malpighian tubes arranged in a single bundle discharging into the extremity of a 
cejounoo duct or ureter (Fig.ioS). ^ ^ 
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The nervous system is of * generalized character and in addition to the 
cephalic centres there are three thoracic and five or six abdominal ganglia. 
GryUotalpa in exceptional, and according to Newport, in addition to those 
of the thorax, there are only four ganglia in the abdomen. The longitudinal 
connectives are double throughout the length of the ventral cord : they 
are usually widely separated in the thorax and closely approximated, 
although distinct, in the abdomen. The brain has been studied by Packard 
in Melanoplus and its histology has been investigated by Newton (Q.J.M.S. 
1879) in Blatia and by Viallanes (1888) in the Acridiidae. This organ exhi- 
bits a greater structiiral simplicity in the last mentioned family than in 
either ^e Blattidse or Gryllidaj. In the two latter families the mushroom 
bodies are better developed and, in the Blattidae, the calyces are double 
and relatively complex. The sympathetic system is well developed in 
Orthoptera and has been investigated by Hofer (1887). The tracheal system 
(Fig. 127) communicates with the exterior by means of ten pairs of spiracles, 
the first two being thoracic and the remainder abdominal in position. In 
certain of the Acridiidae there is a highly-developed system of air-.sacs 
which exhibit a segmental disposition : one very large pair is situated in 
the prothorax and there are five pairs of abdominal sacs. In addition to 
these principal vesicles, which are superficial in position, a large number of 
smaller sacs are distributed among the muscles (Packard). The circulatory 
system has been described by Miall and Denny in Blatta. ITie heart (F ig. 133) 
consists of thirteen chambers, which correspond with each of the thoracic and 
ten abdominal segments : there are twelve pairs of alary muscles and these 
are inserted into the pericardial diaphragm. The female reproductive system 
of Peripianeta (vide Bordas, 1909) consists of a pair of ovaries each composed 
of eight panoistic ovarioles (Fig. 162). The two oviducts combine to form a 
common vagina which opens into the genital pouch (vide p. 237) by a median 
pore on the 8th sternum. A pair of branched colleterial glands open into 
the vagina on its ventral aspect. The left gland is larger than the right 
one and secretes a quantity of carbonate of lime : the right gland secretes 
a viscid substance and the products of the two glands are utilized in the 
formation of the ootheca. The spermatheca consists of two vesicles of 
unequal size opening on the 9th sternum, which forms the dorsal wall of 
the genital pouch. Among other Orthoptera there is a considerable varia- 
tion in the number of ovarioles : thus in Acrida turrita there are 16 to each 
ovaiy and in Tettigoniidae they are very numerous. The colleterial glands 
attain their greatest development in the Blattidae and Maintidae, which pro- 
duce highly developed oothecae. In the last mentioned family there are two 
pairs of these glands and in the Gryllidae they are represented by mucous 
glands. Among Tettigoniidae and Acridiidae colleterial glands are want- 
ing : in the former group there is a tubular diverticulum (“ boyau ” of 
Fenaurd) of the vagina, and in the Acridiidae a somewhat sinailar outgrowth 
arises from the apex of each oviduct. In these cases the diverticula provide 
a mudlaiginous secretion which is applied to the egg^ and in the Acridiidae 
it unites them into a common mass. A spermatheca is of general occurrence 
among Orthoptera but is exceedingly variable in character. In Blatdla 
gemumica it consists of two pairs of sacs while among Tettigoniidae it is 
a single organ. The seminail duct, moreover, may be exceedingly short aus 
in long as in GryUotalpa, or complexly coiled as in many Acridiidae. 

The male reproductive organs of Peripianeta (Fig. 158) are described by 
Miall and Deimy. The testes lie in the 5th and 6th abdominal segments and 
each consists of 30-40 rounded vesicles which are arranged in longitudinal 
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series along the apical portion of the vas deferens. The 43eltfQ(t£bs din- 
cliarge into the vesiculae seminales which are sac-like enlaigemenis at tiie 
anterior extremity of the ejaculatory duct. T^ey are conc^ea by the greatly 
developed accessory glands ; the latter consist of two series of tubules aris- 
ing from the walls of the vesiculae and from the anterior portion of the ejacula- 
tory duct. Collectively, the accessory glands form a large compact maiss which 
was termed by Huxley " the mushroom-shaped gland.” Situated beneath 
the ejaculatory duct there is an unpaired gland (conglobate gland of Miadl 
and Denny) which opens separately ui»n a forked sclerite forming part 
of the genitalia. According to Bordas it is an odoriferous g^d of defen 
sive function, which secretes a volatile alkaline fluid and is comparable 
with the pygidial glands of Coleoptera. Among other Orthoptera there is 
great Variation in the form and structure of the testes ; accessory glands 
are generally present, and vesiculae seminales are of two t5q>es. In &yllus 
campestns and (Ecanthus the latter organs are fomed as convoluted enlarge- 
ments of the vasa deferentia, while in the Mantidae aind in Grylloialpa\thtiy 
are coecal outgrowths which open directly into the ejaculatory duct. For 
more detailed information with regard to the reproductive organs in both 
sexes of Orthoptera reference should be made to the pa^ of Fcnard (1896) 

In addition to the glands associated with the aUmenteuy canal and 
reproductive system there are, in many Blattidae, repugnatorial glands 
wMch are situated beneath the abdominal terga. In Blatta orientalis they 
take the form of two pouch-likc invaginations of the body-wall between 
the 5th and 6th terga m both sexes. In Blattella germamca these glands 
are extensive in the male and reach far into the body-space, while they 
are wanting in the female (Minchin, Q.J.M.S 1888 ; Zool. Anz. 1890). 
A sternal gland opening between the 6th and 7th sterna is also present in 
B. orienialis tHamson, Q.J.M S. 1906). Mandibular glands have been 
found by Bordas in the Mantidae and dorsal prothoracic glands occur in the 
latter family auid in the Phasmidae. In the males of Acanthus there is a 
large metanotal gland which is indicated externally by a deep depression on 
the metatergum. According to Fulton (1915) the gland opens to the 
exterior by means of two pairs of pores. The latter aire connected with 
much branched tubuli whiefr extend back into the abdominal cavity. The 
function of this evidently important organ is not fully understood, but 
it is believed to be an alluring gland whose secretion is attractive to the 
female during copulation. 

Post-embryonic Growth. — The eggs of Orthoptraa. are more or less 
cylindrical and in the Blattidae and Mantidae they aire deposited in 
oothecae : in the Phasmidae each egg is enclosed in a separate seed-like cap- 
sule (Fig. 246). Among the Acridiidae, although there is no true ootheca, a 
secretion of the coU^erial glands is poured out which hardens around the ^gs, 
uniting •Ae latter into a single compact mass. Among many Orthoptera, 
notably in the Manti^, Acridiidae and in (Ecanthus the yoimg insect sheds 
a membranous coverag shortly after emergence from the egg. The insect 
frees itself from this investment by convulsive movements of the body 
aided by pressure exerted by the cervical ampulla described below. This 
coveimg has frequently been regarded as the amnion but, in so far as the 
Mantidae are concerned, Williams amd Buxton (1916) have shown thatt it is 
a true nymphal cuticle, separately enveloping the antennae and limbs, and 
that the shedding of it constitutes the first eedysis. An aimnion, on the 
ihlQber hand, encloses the insect as a whole in the form of a sac and dtoea not 
imvelop the appendages sq>arately. In Blatta an eedysis is also stated to 
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ocqttr after emergenoe but this featore is difllcult to observe owing 
to the rewiiness with which the nymphs devour their exuviae. The number 
of ecdyses which occur during the life of an Orthopteron is subject to great 
variation, not only in different families but also among the individuals of a 
single species. Five ecdyses are recorded for example in (Ecanthus and 
Mdanoplus, six in BlaUa and from three to twelve in the Mantidae. In 
many Orthoptera the soft cervical membrane plays an important part 
during ecdysis : it is capable of being distended, by the influx of blood, into 
a swollen dorsal ampulla which protrudes immediately behind the head. 
According to Herculais {BvU. Soc. Ent. Fr. 1890) in Stauronotus a* turgid 
condition is maintained by the accumulation of air in the crop which lies 
beneath the ampulla and, by means of the pressure thus exerted, the insect 
IS able to rupture the old cuticle. This observer also mentions that the 
cervical ampulla plays an important part in the escape of the insects from 
the capsule which encloses the eggs. Six or seven young insects combine 
their efforts and force 


open the lid of the cap- 
sule by moans of their 
ampullae, and thereby 
effect their exit. 

In the apterous 
members of the order 
post-embryonic growth 
consists merely of an 
mcrease in size, and in 
the further differentia- 
tion of the appendages 
and genital segments ; 
in otiier words meta- 
morphosis IS absent 
and the young closely 
resemble their parents. 
In the winged forms a 
slight but gradual 
metamorphosis is evi- 
dent, and the rudi- 
ments of alary organs 
are usually evident m 



Fig 240. — OoTHEC*. A, Maxtis Ji, Blatta ojusjfTAjjs 
(after Miall and Denny). C, CAXAuaiua morosum 
(after Ling Roth) D, Phyiuvm cnvRirouvMt m, 
Micropyle (after Henneguy). All enlarged. 


the third instar. In Melampius and (Ecanthus, which pass through six 
n5rmphal instars, the wing rudiments appear as slight extensions of the 


meso- and meta-nota in the second instar, becoming clearly evident after 


the subsequent ecdysis. The position assumed by the wings in the salta- 
torial Orthoptera during their nymphal instars is different from that found 
in the adults. In the immature forms the wings have undergone torsion 


with the result that their surfaces and margins are inverted and in posi* 
tinns which are the opposite to those assumed in the perfect insects. 
Literature on Orthoptera.— The most important monographs on the 
European members of the order are those of Brunner von Wattenwyl (x8te) 
and of Tumpel (1922). The first mentioned authority (1893) has also 
published a comprehensive work on most of the families and genera, and 
Kirby (1904-10) has catalogued the species of the world. Burr (zgio) has 
written a short synopsis of the species of western Europe. Chopaid has 
monographed the French spedes. and the British forms have recently been 
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the subject of a volume by Lucas (1920). The best general summary of 
our knowledge of the Orthoptera is given by Sharp {Ins. pt. i) : a good 
deal of information will also be found in the work of Blatchley (1920). 
Among other contributions those of Miall and Denny (1886) on the 
cockroach and Packard (1875) on the Rocky Mountam locust may be 
mentioned. Among writings devoted to special families those of Brunner 
and Redtenbacher (1906-08) on the Phasmidae , Westwood (1889) on the 
Mantidaj ; the contributions to " Genera Insectorum by Shelford on the 
Blattidae, and by Caudell, Bolivar and others on the Acndiidae and 
Tettigoniidae, are important. 

Glassification. — The original name applied to the order by De Geer 
was Dermaptera and this was subsequently replaced by the term Orthoptera 
which is due to Oliver. There is a tendency among modem students to 
divide the Orthoptera into several distinct orders restnetmg the oijiginal 
name to the saltatonal forms only. This course appears scarcely 10 be 
warranted and is largely due to differences of opinion with reference to 
characters which are to be regarded as of ordinal value In the piesent 
work eight families are recognized which may be identified with the aid of 
the following synopsis : 


X (8) — ^Logs usually of approximately equal size, the hind* 
femora not adapted for leaping , tarsi 5-jointt d 
Sound-producing oigans absent Ovipositor almost 
always concealed 

2 (3). — Apterous , ovipositor exserted, cerci long 

3 (2). — ^Wmged or apterous ; ovipositor concc'dled and often 

rudimentary, cerci short 

4 (5) — Pronotum large and shield-like , coxae very broad, 

protectmg lower surface of body. 

5 (4). — ^Not as in 4 

b (7). — Fore-legs highly modified for raptorial pm posts ; pro- 
thorax generally very long Eyes laige, ocelli 3 
Cerci jomted. 

7 (6) — ^Fore-legs normal ; mesothorax very long E>cs small, 

ocelli usually absent. Cerci unjomted. 

8 (1). — Legs of unequal size, the hind-femora enlarged for 

leaping ; tarsi with fewer than five joints Sound 
producing organs present Ovipositor gener.ill\ 
exserted 

9 (10).— Antennae shorter than body ; tarsi usually 3-jointcd 

Stndulatory organs on tcgmina and hind femora ; 
auditory organs at base of abdomen Ovipositor shoi t 

10 (9). — ^Antennae filiform, often longer than body , tarsi usually 

3- or 4-jointed. Stndulatory organs on tcgmina 
only : auditory organs on fore-tibiae Ovipositor long 

11 (12). — ^Tarsi 4-jointed, ovipositor ensiform. 

12 (ii) — ^Tarsi 3-jointed (rarely 1- or 2- jointed or wantmg), ovi- 

positor usually cylindrical and acicular. 

13 (14) ’ — Ovipositor acicular, hmd-femora enlarged. 

14 (13). — Ovipositor concealed, hmd-femora scarcely enlarged, 

fore-legs strongly fossonal. 


Cui soria 

GRYLIOBl AITIDA 

(p 24-8) 

BLATHOA 

(P 243) 

MANTID-ff 

(p 2 m) 

PHASMIDT 

(P 24“,) 
Saltatoria 

ACRIDUDA 
(p. 246) 


TBTTlGONIIDiB 

(p. 248) 


Most GRYIXIDS 
(P- 249) 

GRYLLID^ part 
(p. 250) 


yAM. GRYLLOBLATTIDA. — ^This family is represented by four species of 
ChyBoNatta Walk, from western N. America and Japan The best known is 
ttmpodetjonms Walk., which is an apterous thysanonform insect fbnnd among stones. 
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etc., la the Rocky Moantaias at an altitude of about 6,500 ft. Structurally it is a very 
generalized t3rpe combining certain Gryllid and Blattid features with those found 
in the Dermaptera, Isoptera and Flecoptera. The eyes are small and there are no 
ocelli ; the antennas are long and filiform and the tarsi are 5-jointed. The females 
possess an exserted sword-like ovipositor similar to that found in Tettigoniidae and 
difier thereby from all other cursorial Orthoptera ; combined with this feature is the 
presence of long 8-jointod cerci (Fig. 247). For further information on this family 
reference should be m ade to papers by Walker (19*4, -19, -3 1,-33) 

FAM. BLATTIDiS. (C^lffoaches). — The Blattidse are eminently tropical 
insects and, although abundantly represented in individuals, the number of species 
inhabiting temperate zones is relatively small. Most of what is known concerning 
these insects has been derived from a study of certain forms which have become 
naturalized in various parts of the world. They are readily transported in the holds 
of ships from one country to another, and afterwards become disseminated through 
merchandise. Blattidae are very swift runners, aiid 
the legs are all very much alike : their large broad 
coxae cover the ventral surface of the thorax and 
the base of the abdomen. The head, when in re- 
pose, IS rcflex(‘d beneath the thorax ; the antennae 
are very long, filiform , and often consist of nearly 
one bundled joints. The eves are large and reni- 
form, a pair of ocelli are usually present in the winged 
forms ; when the alary organs arc abbreviated or 
wanting, ocelli are often repre.sentcd by pale spots 
(fenestra?) . The pronotum is large and broad, often 
concealing the head ; the nieso- and meta-thorax 
are smaller and sub-equal m size. The tegmina and 
wings exhibit many variations in length compared 
with that of the abdomen : in some genera {BlaU 
tella and Penplaneta) they completely cover the 
latter region while m others (males of BlaUa) they 
leave the distal portion of tlie abdomen exposed 
(Fig 243). Very frequently the alary organs are 
abbreviated in the female, as in Blatia, or absent as 
in Polyphaga and its allies. When fully developed, 
the wings are characterized by the gieat develop- 
ment of the ana] area which m repose is folded longi- 
tudinally like a fan, and often comprises more than 
half of the wing. The abdomen carries a pair of 
jointed cerci and there are generally also anal styh 
in the males. Although cockroaches are usually of 
a testaceous or dark mahogany hue there are tropi- 
cal species which exhibit both elegance of form and 
beauty of coloration. 

The domesticated species are omnivorous and, 
although they exhibit a partiality for sweetened or 
starchy matter of various kinds, they are known to 
feed upon a great variety of substances including Fig. 247. — 

provisions, paper, clothing, books, shoes, etc., and GuYLtohLATTA , Female. 
also dead insects. As a rule they injure and soil ajut walker, Gm. EfA, 19x4. 
far more of different substances than they consume. 

Comparatively little is known with regard to the natural food of the indigenous 
species of different countries : Brunner considered that it consists largely of dead 
animal matter. About 1,200 species of cockroaches are known and they occur 
naturally under ^dead leaves, moss, refuse, and on flowers and bushes, In Great 
Britain there are two indigenous species belonging to the genus Eciobius, which 
live out of doors among the undergrowth of woods or on the seashore. There are 
also five naturalized aliens of cosmopolitan range : these regularly breed in Britain 
although not under natural conditions. In addition to the foregoing, about twenty 
species have occurred casually {vide Lucas, 1920). Of the naturalized or domesticated 
species there are two which frequent buildings, viz. the common or oriental cockroach 
Blatta orientalis and the rarer German cockroach BlaUella germanica. Occasionally 
three otiher species are found in warehouses or hothouses, viz. Penplatieta americana, 
P. australasia and Leucophaa surinamensis. 

The eggs of Blattidae are cox^monly laid in homy purse-like oothecse (Fig. 246 ) : these 




jare very frkckilar in eimcbue bwt vary in siae and shape, and ih te maber 
'Oi they contain, in difierent species i in T^loUa oftenMis there are sixteen esp to a 
capsole and in BlatUUa genmnica they average about forty. The ootheca is -divided 
longitudinally by a membranous partition into two chambers. Within eadh the 
latter there is a row of cylindrical pockets and a single egg is lodged, in eadh pocket. 
Ibe ootheca is formed in the genital pouch of the female and the eggs descend sin^y 
irom alternate ovaries : the pouch is increased by additions to its substance and its 
first formed portion soon begins to protrude from the body. When the full number 
of eggs have entered it, the ootheca is closed and, after being carried about for a 
variable time projecting from the body of the female, it is deposited in some suitable 
crevice. In some species the ootheca is reduced to a thin transparent investment, 
and it may be retained within the brood pouch of the female, the latter being vivi- 
parous : in other instances an ootheca is not constructed at all. In normal conditions, 
when the nymphs are ready to emerge, the ootheca splits along its dorsal edge, the 
two halves extend apart and the young struggle out. In Blatta orientalis there are 
said to be six, or possibly seven, ecdyses and the whole period occupied in 
development from the egg to the adult is stated to occupy about a year (Rau.frmwi. 
Acad, Sci, St, Louis, 1924). Blattella germanica, on the other hand, completes its 
development in considerably less than a year. 

FAM. MANTIDi® (Praying Insects).— This extensive family is compe^d of 
exclusively carnivorous species and occurs in all parts of the world, excepting the 
cooler regions. Its members are easily recognized by the peculiar form of the front 
legs, which are adapted for seizing and retaining the animals which form their prey. 



Fig. 248. — Mantis hsuoiosa, Male. S. Europe. 


Each fore-coxa is much elongated, and the femur bears, on the ventral aspect, a 
groove which is armed along its two edges with a series of spines. The tibia 
is adapted to close in this groove after the manner of the blade of a pocket-knife, its 
sharp toothed edge serving to firmly retain the prey, the teeth fitting in between those 
of the femur (Fig. 248). Armed in this way, the mantis often sits motionless for long 
periods at a time, with the head upraised upon the elongate and sub-erect prothorax. 
The powerful raptorial fore-legs are raised together in front, their pincers being 
partially opened to seize any suitable prey that ventures within range. This curious 
; attitude, which suggests one of supplication, has earned for its possessors the name 
of “ praying insects." Many legends and superstitions are associated with the species 
. Mentis religiosa : the ancient Greeks endowed it with supernatural powers : some of the 
Moslem peoples maintain that it pra3rs with its face turned towards Mecca : in other 
countries it is regarded as a saint, mendicant or soothsayer and in Andalusia it is known 
^ " Santa Teresa." Notwithstanding these attributes, mantids are veritable tigers 

of the insect world, and feed voraciously upon flies, grasshoppers, caterpillars, etc. 

• They are very pugnacious, the larger forms often devouring the smaller, and females 
'! the. males. Some of the large S. American species have been recorded as even 
attacking small birds, lizards and frogs. Mantids are extremely variable in form, 
are assimilated in a remarkable manner to their surroundings more especial^, 

' it #Duld appear, in order to deceive their prey rather than to protect themadves* 
The green colour of the typical mantis serves this purpose admirably : those that 
•simulate flowers have the advantage of attracting flower-haunting insects within 
their reach. Certain tropical species possess foliaceous expansions on the prothptax 
and limbs, while PyrgomanUs is so attenuated as to resemble a Phasmid. 

The head in the Mantidae is extremely mobile and is connected with the prothotanr, 

, tigr means of a slender neck. The eyes are very large : in some fo ritns they assuijEim.' 
shapes, and may be elongate and hom-like. There are three ocelli and Ifeia: 
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orgm$ Me mrdjr wantiag*' Tte ptotfhorax is almost always kmger than any other 
trutdK segment, and may even exc^ in length the whole of the after*body. Both the 
middle and hind pairs of legs ate slender and weakly developed, the insects moving in 
a slow and ungainly xnanner. The tegmina frequently have very much the appearance 
of foliage, particularly in the females, but the alary organs in the latter sex are but 
little adapted for flight. The abdomen is terminated by short jointed cerci, an 
cxserted ovipositor is wanting, and there is a pair of anal styli in the male. 

The eggs of Mantidae are laid in oothecas (Fig. 246) which are attached to twigs, 
bark, walls and other objects. Each female makes four or five of these cases and their 
type of construction varies in diflerent species. In the Indian Gongylus, for example, 
Williams {Trans, Ent, Sac. 1904) states tlmt the ootheca consists of an outer covering 
lormed of a more or less frothy secretion which hardens into a firm 2>pongy substance. 
Within this envelope is a layer of about forty egg- 
chambers arranged four abreast : they are constructed 
of a viscid material which very rapidly hardens to the 
consistency of horn. In the Chinese Hterodula saussuni 
Kershaw {Psyche, 1910) mentions that the oothecae are 
about an inch long, and the egg-chambers number 
about twenty-four, arranged in two longitudinal rows. 

An air space is left between the layer of eggs and the 
outer covering, and the latter is composed of overlap- 
ping strips of extremely hard, tough material. Other 
types of pothecae are described by Shelford {Trans. Ent. 

Soc, 1909) and by Williams and Buxton {Ibid. 1916). It 
would appear that the eggs of Mantidae are admirably 
protected by these cases, but the latter are ineffective 
in warding off the attacks of insect enemies, judging 
from the frequency with which parasitic Hymenoptera 
are bred out from them. It is possible, however, that 
they serve to protect the eggs from birds and lizards. 

After emergence, the young mantids have been observed 
to hang suspended from their oothecae by means of silken 
threads. The latter are secreted by a pair of papillae 
on the loth sternum but after the first eedysis silk is 
no longer produced (Williams and Buxton). The num- 
ber of ecdyscs passed through is not constant and from 
accounts given by different observers it varies between 
three and twelve. The whole life- cycle occupies about 
a year. More than a dozen species occur in western 
Europe, of which the most familiar is Mantis religiosa. 

This insect ranges as far north as central France and has 
been introduced by means of nursery stock into N. 

America where it has become locaUy established. 

FAM. PHASMIDiS (Stick Insects, Leaf Insects). — 

These insects are among the most curiously modified of 
all Orthoptera. Some of the linear forms attain a 
length of nine and even thirteen inches (33 cm.) anil 
are the longest, although by no means the bulkiest, of 
living insects. Many closely simulate sticks or grass 
stems and when at rest, or feigning death, they are Fxg. 249 . — CASAuaius 

among the most difficult of all insects to detect in mosobus, nat. size. 
the field (Fig. 249). Others (Phyllinae) have broad Ling Roth, 

lamina-like todies with membranous expansions to 

the legs and closely resemble leaves both in form and coloration. A certain num- 
ber of species are invested with spiny outgrowths and some resemble pieces of 
lichen-covered bark. As a rule the plant-like appearance is most developed in the 
female. Phasmids have a characteristically elongate meso-thorax, the pro-thorax 
is small, and the three pairs of legs differ little from one another. The cerci are 
short and single-jointed, styli are wanting and the short ovipositor is concealed by 
the subgenital plate. The tegmina are generally small, often scalelike, or wanting 
even in cases where the wings are well developed. In many species there are no alary 
organs at all. The sexes are frequently very dissimilar, the male being small, rather 
active and winged, and the female large, sluggish, and apterous. All the species are 
vegatabfe feeders and extremely voracious, although they arc rarely sufficiently 
abundant to cause appreciable injury to economic plants. They are essentially 
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denia^ns of tropical and subtropical countries and over 700 species are known. Two 
genera are European while Bacillus gallicus is the only species which ranges as far north 
as central France. The number of eggs laid by these insects is commonly stated to 
be very small, but it is noteworthy that ling Roth found the average number laid 
by Carausius morosus was 480 with a maximum of 712, the period of oviposition 
extending over about 225 days. The eggs are dropped from the plants upon which 
the insects are resting and the incubation period is a lengthy one : in some species 
they may remain on the ground for nearly two years before hatching. Each egg is 
enclosed in a separate hard capsule, and the latter is provided with an operculum 
which allows of the exit of the young insect. These capsules are variously and often 
very remarkably sculptured, and bear an extremely close resemblance to seeds (Fig. 
*46). The biology of the family has been studied by Sinety (1901) and the growth 
and habits of Carausius morosus have been investigated in great detail by Ling Roth 
{Trans. Ent. Soc. 1917) and Talbot {Ibid. 1920). Post-embryonic growth is slow, 
and the life-cycle in the above-mentioned species occupies more than a year and a 
half from the time the eggs are laid. In the apterous forms the morphok^gical 
changes during growth are slight and metamorphosis is almost non-existent.* The 
number of eedyses passed through is extremely variable, often among mdividuWls of 
a single species ; thus in C. morosus Ling Roth records six eedyses, Smety five 01 six, 
and Talbot three, or rarely four. Parthenogenesis is of frequent occurrence aihong 

Phasmids and in some species males are exceedingly 
rare. 

The PhyllinaB include the leaf-insects which are 
almost entirely confined to the moister parts of the 
Oriental region and more especially to the islands of 
the Indian ocean. Their biology has been less thor- 
oughly studied than in other I^hasinids and has been 
principally observed in Phylhum crurifolium by Joly 
(1871) and others. The sexes differ very remarkably; 
the males have small tegmina, well developed wmg^, 
and relatively narrow Ix^dies. In the female the teg- 
mina are extensive leaf -like expansions, the wings ai e 
vestigial, and the body very much expanded (Fig. 250). 

FAM, ACRJDIIDi® (Ixicusts and Short-liorned 
Grasshoppers). — The Acridiidsc are composed of the 
common grasshoppers of the country-side, together with 
the various species of migratory locusts and a number 
of other more highly specialized forms. The antennae, 
with few exceptions, are much shorter than the body 
and are either filiform, clubbed or ensiform. The 

Fig. 250. PuTLJwM cBPRj- stridulatory apparatus is usually formed by a ridge of 

FouuM, HALF NATURAL SIZE, about eighty to ninety peg-like pomts along the inner 

Oriental region. aspect of the hind femora, which are rubbed against 

the hardened veins (radius) of the closed tegmina, 
thus causing the latter to vibrate and produce a low buzzing sound (Fig 102). The 
males stridulate by day and when at rest, but the females are noiseless : rudimentary 
organs of a similar kind are found, however, in the females of Stenohothrus. Members 
of the CEdipodinae are exceptional in that the males stridulate while on the wing, 
producing their notes by the friction of the upper surface of the costa of the wings, 
and the under surface of the thickened veins of the tegmina. A crackling sound 
results which lias been compared to that of burning stubble. The auditory organs 
are located one on each side of the basal segment of the abdomen. The ovipositor 
is not conspicuous and its valves are short and curved (Fig. 251). By means of the 
latter organs the female excavates a hole in the ground or more rarely in decaying 
wood. The eggs are then deposited until they form a mass of 30-100 or more and, 
during the process, a glutinous fluid is discharged around them which hardens to 
form a water-proof protection, corresponding to the more perfect oothecae of the 
Cursoria (Fig. 246). Several of these masses are usually deposited by each female 
and the oviposition period in Caloptcnus extends, according to Riley, over a period 
of two months. 'Xliere appear to be five to eight eedyses in the life of a species and 
commonly one or two generations in the year. These insects are voracious devourers 
of vegetation during both their young and adult stages. 

The Acridiidae are divided into nine sub-families of which the Tetriginae and Truxa- 
linas are alone represented in the British Isles, their members forming a large part of 
mt meagre fauna of Orthoptera. The Tetriginae or ** grouse locusts axe of a uniform 
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smftll ftiase and brownish colour, with a remarkably developed pronotum which is pro* 
duced far back over the body (Fig. 231). They are represented in the British Isles by 
three species of Acrydium, A, kiefferi being one of the commonest grasshoppers. 
In many exotic species of the group the pronotal extension assumes vaiied and extra- 
ordinary forms recalling similar developments in the Membracidae. The Truxalinas 
include the common field grasshopperb and arc distributed throughout the globe : the 
British fauna contains nine species. The CEdipodmae or band-winged locusts are 
more or less brightly 
coloured insects, often with 
blue, yellow or red wings 
crossed by a characteristic 
black fascia, Thctegmina, 
however, are sombrely 
coloured and when closed 
the insect harmonizes very 
closely with its environ- 
ment. The genus Lorusia 
L. (Pachytylus Fieb.) in- 
cludes one of the chief 
migratory locusts of the 

Old World. According to 251. — Aorydiuv KiKFrtRt a 5 c, ccrcus; legmen; 

Uvarov (Bull, Ent. Res, ovipositor; p, pionotum, lateral lobe ; te/, wing. 
iQ2i) it comprises only 

two species, L, migratorta and L, pardalina. Both species exist in two phases — a 
destructive migratory one and a solitary harmless one. In tlie case of the hrsl men- 
tioned species its migratory phase under tropical conditions is the form mtgratoriotdes 
but in the palaearctic region it is represented by the form migruioria which is inter- 
mediate in characters between the fonner and the solitary form danua. This fact 
is explained by the absence of tropu al heat and moisture in its palaearctic breeding 
grounds. The latter arc located in the vast reed-beds in the deltas of the rivers flow- 
ing into the Cas- 
pian and Aral 
Seas and Lake 
Balkash. The 
eflect of the con- 
ditions in this 
region is such that 
the swarming 
pliase does not 
reach the extreme 
differentiation re- 
presented by 
migratorioides but 
stops, half-way as 
it were, at migra- 
ioria. When the 
increase of this 
locust is at its 
highest large 
swarms are 
formed owing 
partly to the gre- 
garious instincts 
exhibited in this 

Fig. 252 . — ^A typical Migratory Locust, ScmsTocMBOA orsoamja, phase. Migration 

Rf'prodticfd by permission of the Trustees of the British Museum. from the breeding 

ground follows. 

but the causes are not fully understood. The locusts are not driven by hunger, 
since they do not feed much at that period but exist at the expense of their fat- 
Ixidies. The cessation of flight is staled to be due to internal physiological causes, 
including the maturition of the gonads, and is not connected with the discovery of 
suitable breeding grounds. The resulting progeny develops into the damca phase 
which, although non-gregarious, aids in the distribution of the species. Given 
favourable localities this phase gives rise, in its turn, to the migratory one. 

I*, mgratorta in its migratoty phase is rare in western Europe but extends eastwards 
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-Locusts in the Act of Ovipositjon. 
AfUr Riley. 


ib tiie Aifippines. Tn its solitary phase it ranges ‘from Belghun'to Jftpao and-Kew 
: occasional stragglers i^ve occurred in England while it is oonrmon in 
S. Europe. Locusta (LocusHna) pardalina is peculiar to S. Africa, but its biology has 
b^n less fully studied. For a discussion on the phases of locusts, see p« 250, 

The Acridiinas are easily recognizable on account of the presence of a distinct 
spine on the prosternum between the anterior legs. Besides including most of the 
luger short-horned grasshoppers, almost all the destructive migratory grasshoppers 
or locusts are comprised in this sub-family, but they only constitute a small proportion 
of its species. Locusts are well known to migrate in vast swarms ; one which passed 

over the Red Sea in 1889 was 
estimated to be 2,000 square 
miles in extent. During infesta- 
tions in Cyprus official reports 
state that in 1881 1,300 tons of 
the eggs of locusts were col- 
lected and destroyed i# that 
island. When an ex|ensive 
swarm alights over a te^itory 
its members frequently advert, 
in a few hours, what were'J|gpreen 
and prosperous areas into \de80- 
late tracts of bare stems, .One 
of the best known ^ecies is 
Schistocerca grv^aria (Fig. 252) 
wliich causes great damage in 
northern Africa and extends 
into Persia, Afghanistan and 
northern India. It is probably 
to be identified with the locust 
of the plagues of Egypt quoted 
in the Book of Exodus. In 1869 it reached England in considerable numbers but has 
not occurred since. The Bombay locust [Cyrtacanthacris succincta) is apparently 
confined to India where it is occasionally a major pest [vide Lefroy, Mem, Agric. 
Dept, India, Ent. 1). A number of species of locusts occur in N, America, the widest 
spread being Melanoplus femur-rubrum : among others the Rocky Mountain locust 
M* spretus and the large Schistocerca americana may be mentioned. In the Prairie 
Provinces of Western Canada there have been locust infestations at intervals of 
about fifteen years which usually last two or more seasons. Of late years the two 
most destructive species have been Melanoplus atlanis and Camnula pellucida, the 
latter insect being a member 
of the GSdipodinse. 

FAM. TETTIGONIIDiB 
(LocustidsB ; Long-horned 
’^Grasshoppers). — The old 
name of Locustidae, under 
which this family has been 
long known, is inapplicable 
because the genus Locusta L. 
belongs to the Acridiidae. The 
Tettigoniidae, therefore, are 
held to include, not locusts, 
but those insects commonly 
tamed Katydids, green or 
long - nomed grasshoppers, 

^|Ve and camel crickets, etc. The antennas are filiform, 30- or more jointed, 
Often extend, when reilexed, far beyond the apex of the abdomen. The teg- 
, mina slope obliquely downwards, and are usually membranous and of delicate 
structure. When closed, the left one usually overlaps the right, and they are 
gifttterally slightly shorter than the wings (Fig. 254). Apterous iorms, however, are 
common and include some of the largest of the species. The stridulating organ hi 
is found at the base of the overlapping anal area of the left tegmen. It 
j^^ineraHy consists of a more or less rounded zone, bounded by a strongly curved veto* 
crossed by a second vein which is thickened and bears a row of denticles, pn 
lif^t te^en there is a smooth transparent area of tense membrane, 
by the denticles just referred to. and acts as a resonator when the 



Fig. 254. — Long-horned Grasshopper 
CEPHALva PALvarnia, 

After Blatcljley. 
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are in motkm. the 1m3|M gtem Ketydide (Phaneroptedim) ate the mcnt notonocM 
btddidators, Oidr loud nocturnal notes sometimfis tosembling the syllables Katy 
did, she did/^ In some groups wings are absent and the tegmina axe reduced to the 
bound-producing portions only : this is seen, for example, in the Ephippigerina and 
Callimenina where, it may be added, the females also 


stridulate. A pair of auditory organs are situated on 
each fore-tibia near the proximal extremity of the latter 
(Fig. 96). Winged Tettigoniidae are predominantly green 
and live amidst herbage, particularly bushes and trees. 
The wingless forms occur in caves or hollow trees, or 
beneath stones and logs, and are chiefly grey or brown in 
colour. Some of the apterous forms, however, are agile 
climbers and reach the tree-tops. The eggs of Tettigoniidae 
are not enclosed in oothecae, and the ovipositor frequently 
attains a great length, even exceeding that of the body 
(Fig. 45)* In some cases it is used for depositing the eggs 
in &e earth, but usually they are laid in plant-tissues of 
various kinds, often in neat longitudinal rows. Five or six 
eedyses are prevalent and the members of this family are 
less predominantly herbivorous than the Acridiidae : some 
forms (Saginae) are notably carnivorous while others appear 
to be omnivorous. 



The Tettigoniidae are divided into fifteen sub-families and fig. 255. Qloahtmvb 

five, including nine species, extend into the British Isles. yjoBtcoMyia, A, egg 

The largest of the latter species is Phasgonura (Locusta) punctures in stem of 

viridhsima which occurs in the southern half of England raspberry. B, longi- 

wbere it attracts attention from its strident notes. Pholi- tudinal section. C, egg, 

dopteta gfiheoapiera has vestigial wings, and its range in magnifi^. D, projec- 

England is very similar to that of the formt*r insect. egg^cap. E* 

FAM, GRYLLIDiE (Crickets).— This family is directly w v ^ w . 

related to the preceding one, and its members similarly 42. * ‘ 

possess long filiform antennae, and usually an exserted 

ovipositor : they likewise stridulate by means of the friction of the tegmina and possess 
tibial auditory organs (Fig. 96). On the other hand, they resemble the Acridiidae in 
having 3-jomted tarsi. The tegmina are folded flat over the abdomen but axe bent 
abruptly downwards along the sides and, contrary to the usual rule among Orthoptera, 

the right legmen usually overlies the left. 
The stridulating apparatus, as seen in 
Gryllus, occupies a larger area of the 
tegmina than in the Tettigoniidae : each 
tegmen bears a file and a hardened area, 
or scraper, against which the file of ttxe 
other legmen works. There is also a 
vibratory area or tympanum on both 
tegmina. Daring stridulation the teg- 
mina are elevated to an angle of about 
forty-five degrees with the abdomen and 
are moved backwards and forwards later- 
ally, so as to produce friction between 
the files and scrapers. This movement 
throws the tympana in vibration so as 
to cause an audible sound. The sound- 
producing powers of the GryUidae are 
well exemplified in the house cricket: 
Brachytrypes megacepkalus is stated to 
make a noise so penetrating that it east 
_ _ ^ heard at the distance of a mile. Tbe 

Fio. 256. Gmtllvb dombbtioub, Mai.s. auditory organs differ from those of the 
Afitf Sharp, Cwnb. Sat. Hut. Tettigoniidae in that those of the pair on 

^ each fore-leg differ from one another, the 

outer organ being larger than the inner one. Many crickets arc entirely devoid of 
tegmina and wings : in Trigontdium the tegmina are arched and horny, and impart 
to these insects the appearance of Coleoptera. The ovipositor is slender and cylin- 
dtical, being more or less acicular, there is a pair of exceptionally long unjointed 
Slid generally short anal styli. 
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The eggs of most species are laid singly in the ground : a few of the subterranean 
forms deposit them in masses in underground chambers, while some CBcanthinse plate 
them in a single uniform row in the pith of twigs fFig. 255). There are five eedyses in 
the latter sub-family but among other Grylhdse the number is stated to be higher 
Crickets are, for the most part, omnivorous and frequent hot dry places, or live m 
holes or burrows, under logs among dead leaves, etc., while the CFcanthinse occur on 
trees and bushes. Out ol the seven sub-familics into which Grylhdse are divided only 
two occur in Britain. The Gryllinai include the t)q>ical crickets of which there are 
three British species, viz. the ground cricket Nemobius srlvesitris, the field cricket 
Gryllus cawpestris and the house cricket G. doifusiicus (Fig. 256). The Gryllotalpina? 



Fig. 257, — CiHTJ^LOTALP.i anriioTiiPA, with Eggs and 
Nymphs, 

After Curtis. 



Fig 23S --MyRvtoopjruA 
ActRtoRiM, Femaie, X 5. 
After Choprud, "Faune de Fraace" 


comprise the mole crickets which are atypical in many respects: they arc subter- 
ranean in habit and seldom seen. The fore-legs are greatly inflated and highly modi- 
fied for fossorial purposes, the compound eyes are much reduced and there is no 
visible ovipositor. Gryllotalpa grvllotalpa L. (vidgatis Latr.) is the only European 
species and is rarely met with in Britain (Fig. 257). The Myi mecophilinse (vide 
Schimmer, IQ09) are very small subspherical apterous crickets that live in association 
with ants and occur in Europe, Asia and America (Fig. 738). Mogophstus and its 
allies are covered with minute scales and are olten legarded as a separate sub-family, 
The QKcanthinae (vtdf Fulton, 1915) are a large group of pale-coloured tree crickets 
and the Tridactylmae include the sand or pygmy mole crickets. In the latter insects 
the tegmina bear no stridulatory organs, auditory organs are likewise wanting and 
the fore and middle tarsi are 2-jointed and the hind pair i -jointed or wanting 
The only European species, Tridactylus varie gains, is widely distributed and extends 
into Asia. The Eneopterinae include the larger brown bush crickets mostly found in 
the Old World. 


Supplement on the Biology and Phases of Locusts 

Locusts are species of short-homed grasshoppers which at times become 
predominantly gregarious and migrate considerable distances in large 
swarms. In 1921 Uvarov advanced the theory that each species of true 
locust is polymorphic or, in other words, it does not remain consistent in 
all its characters— i.e. it develops into forms or phases differing from one 
another stmcturally and biologically. According to the phase theory each 
species exists in a migratory pha.se (phasis gregaria) and a solitary phase 
(phasis solitaria), hitherto named by taxonomists as separate species. These 
two phases are extreme forms and axe connected by intermediates of different 
grades forming the phasis transiem. 



BIOLOGY AND PHASES OF LOCUSTS 45 * 

The pham gregaria or swamxing phase is characterized, in its nymphal 
instars, by the g^cat predominance of black and yellow or orange coloration 
which develops irrespective of the nature of the environment. The adults 
have the pronotum usually somewhat concave, prominently constricted and 
with no doisal carina. Biometrical studies show differences in size and 
projiortions of certain organs, as compared with phasis solUaria, the most 
(onspicuous being the proportionately greater length of the wings. On 
reaching sexual maturity colour changes occur, especially in the males. 
This phase is definitely gregarious, botli as nymphs and adults. 

The phasis solitaria is characterized by the nymphs being extremely 
plastic in their coloration and showing a strong tendency to simulate that of 
their immediate surroundings. The imagines may have the pronotum arched 
owing to a longitudinal carina, and there is no constriction. They exhibit 



Fig. 259. — Form of Thorax in Phases of iue Locust, Locubta miomatobia 

MiaRATORIOlDBS 

A, B, phaxiis ^ohtAna ; C, 1 >, phasis gicgaria After Faurs. 


no marked sexual changes of colour and behave as ordinary solitary grass* 
hoppers or, in other words, betray no gregarious instincts. 

The phasis transiens shows a tendency towards one or other of the preced- 
ing phases according to whether it is developing towards the solitary or 
gregarious condition. 

The phase theory has recently been subjected to experiment and, given 
suitable temperature, humidity and food, it has been found possible to 
induce either phase to develop from the other. In a few words, individuals 
reared from the egg in isolation develop evident solitaria characters while 
those reared collectively in large numbers develop into the phase gregaria 
(Faure, 1932, 1933 ; Ballard and others, 1932). Field observations by 
Johnston (1926) also lend support to the phase theory. 

Faure (1932) believes that the differences between the two phases are 
mainly the result of the intense activity that is betrayed by locusts when the 
nymphal stages are developing under gregarious conations. The enormous 
amount of muscular activity tends to bring about the constriction of the 
pronotum and the increased length of the wings. At the same time it is 
suggested that the increased metabolism results in the production of the 
characteristic black and yellow coloration. 

The manifold environmental htetors which result in phase production 
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ja the field are, ae yet, not adequately explaiaed hut it Is evkient that 
the gregaria phase only develops in specific breeding areas, where a p^ticular 
combination of ecological conditions prevail When these conditions are 
favourable great masses of migratory individuals leave their breeding grounds 
in dense swarms Their resulting progeny develop, as a rule, into solitaria, 
or transiens, individuals wherever their environment is of a character 
different from the onginal breeding grounds 
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Older 5. DERMAPTERA (Earwigs) 


E longate insects with typical biting mouth-parts : superlinguje 
distinct: ligula 2-lobed. fore-wings modified into very 

SHORT LEATHERY TEGMINA DEVOID OF VEINS : HIND-WINGS SEMI- 
CIRCULAR, MEMBRANOUS, WITH THE VEINS HIGHLY MODIFIED AND DISPOSED 
RADIALLY. APTEROUS FORMS COMMON. TARSI 3-JOINTED. CERCI UN- 
JOINTED AND ALMOST ALWAYS MODIFIED INTO HORNY FORCEPS: AN 
OVIPOSITOR USUALLY ABSENT. METAMORPHOSIS SLIGHT OR WANTING. 

The general form and appearance of these insects are well exemplified 
in the common " earwig,” Forficula auricularia (Fig. 260) which is abund- 
ant throughout Europe : it also occurs in other parts of the Palxarctic 

region and has been introduced into N. 
America. About 900 species of the order 
are known and, for the most part, they 
exhibit no very marked variations in 
form or structure. In habits they are 
mostly nocturnal and many tropical 
species are attracted to a light. During 
the day they hide away in the soil, under 
bark and stones, or among herbage, etc. 
Excepting Labia minor, the European 
species rarely take to the wing and, not- 
withstanding the well-developed wings of 
the common earwig, the latter insect has 
only on very rare occasions been noted 
to use them. The majority of species 
are probably omnivorous but more 
especially incline to animal food. In 
captivity Labidura riparia will readily 
devour flies and other insects in pre- 
ference to vegetable food. Forficula 
auricularia is frequently destructive to 
flower petals and tender foliage ; it is, however, an unsettled point whether 
it is normally carnivorous, but the species is known to devour both living 
and dead insects (Brindley, Proc, Camh. Phil, Soc. 1918). The term 
“earwig” possibly took its origin from the fact that these insects have 
been known to use the human ear for purposes of concealment : on the 
other hand it has been suggested that the word is a corruption of " ear- 
wing ” in allusion to the form of the hind-wings. The function of their 
most characteristic oi^ans~the forceps— is wrapped in a certain amount 
of obscurity. They have been reputed to use these appendages for 
opening and folding up the wings : on several occasions th^ have been 
known to impale their prey with them, but in all probabiliV fhey are 
ptinoipally brought into use as organs of offence and defence. 'When alarmed, 
or tnoli^ra, the extremity of the abdomen is often upraised and the forc^ 
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widdy opoied in a threatening manner. The most interesting feature in 
the biology of earwigs is the parental care that is exercised for the eggs 
and young. This trait was first observed by De Geer in 1758 and others 
after him have recorded the same facts. The eggs are deposited in the soil 
in a group, and the female rests over them very much like a hen and her 
chickens. The newly hatched young also remain around and beneath 
their parent, who exhibits evident care for them until they are able to look 
after themselves. If the eggs be removed, and distributed among soil 
contained in a box, De Geer states that in a few days they are all collected 
together again and the female seated over them. 

External Anatomy. — Among the more noteworthy structural features 
is the broad horizontal head, frequently with a distinct Y-shaped epicranial 
suture. The antennae consist of from 10 to about 50 joints, the wes are 
circular and there are no ocelli. In Avioxnia the eyes are vestigial, and 
they are atrophied in Hemimems. The mandibles are broad and\strong 
and almost always cany two apical teeth The maxillae closely resemble 
those of the Orthoptera while the labium differs in the ligula, which consists 
of a single pair of lobes (Fig 12). The homologies of the latter are uncer- 
tain but, in view of the tendency to atrophy exhibited by the glossae in 
the Acriddiiae, it is possible that these parts have totally disappeared ui 
the Dermaptera, and the lobes that remain would therefore be interpreted 
as the paraglossae. The hypopharynx is well developed, and the super- 
linguae are represented by a pair of relatively large lobes recalling those of 
the Thysanura Entognatha. The cervicutn is supported by tergal, pleural, 
and sternal sclerites. According to Snodgrass the thorax presents features 
which approximate more closely to those found in Coleoptera than in 
Orthoptera. The pronotum is a large and more or less quadrangular shield : 
a postnotum is wanting from the mesonotum, but is present in the meta- 
nottim although fused with the first abdominal tergum. Tegmina and 
wings are absent in Anisolabis, the Brachylabini and in Artxenia and 
Hemimerus, while the wings vary greatly in development in other mem- 
bers of the order. The tegmina are short, truncated structures devoid 
of veins, and meet along the median line, thus resembling the el5dra of the 
Staphylinidse. The large semicircular wings are almost entirely composed 
of the greatly extended anal area : the pre-anal portion of the wing is 
chitinized and contains two reduced longitudinal veins (R and Cu). The 
greater part of the wing is supported by a series of secondarily developed 
radially disposed branches. The wings are folded longitudinally in a 
fan-like manner, accompanied by two folds in a transverse direction and, 
in this way, they are stowed beneath the small tegmina. The legs do not 
call for special mention, and the tarsi are 3-joiated in all cases. 

The abdomen is ii-segmented ; the 1st tergum is fused with the meta- 
thorax and the iith is represented by the small pygiditim. In the females 
of the Forficulidse and Hemimeridse the 8th and 9th terga are greatly 
reduced and invisible without dissection. In the Arixenida, on the other 
hand, the n3miphal or ancestral condition is maintained in that both sexes 
have the full complement of terga, with only veiy slight reduction of the 
8th and 9th shields in the female. The ist sternum is always wanting, 
while sterna 2 to 9 in the male and 2 to 7 in the female are clearly visible. 
The 9th sternum in the male largely overlies the 10th, the latter being 
represented in both sexes by a pair of plates at the base of the cerci. In 
^ female the 7th sternum completely conceals the 8th and 9th (Fig. 261). 
According to Berlese a vestigial izth sternum is present in both sexes aiw 
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takes the form of a minute divided plate cbse to the anus. In all the 

Forficulidae the cerci are 
modified into un jointed for- 
ceps. The latter present 
great diversity of form 
among different species, and 
are often variable within the 
limits of a single species as 
in Forficula auncularia 
(Bateson & Brindley, Proc. 
Zool. Soc. 1892). In the 
females of almost all earwigs 
they are shorter than in the 
males, being as a rule 
straight and unarmed. In 
Hemimerus the cerci are 
represented by hairy un- 
jointed stylilorm append- 
ages. The cerci of Arixenia resemble those of Hemimerus, except that they 
are bowed inwards in the male, and bear a closer resem- 
blance to the forceps of true earwigs. 

Internal Anatomy.- The ahmemmy caml (Fig. 262) 

IS of a very uniform structure throughout the order. The 
oesophagus leads into the crop which is followed by a 
small globular gizzard. The mid-intestine has no enteric 
roeca and is slightly coiled posteriorly, but in Arixenia 
it forms nearly two complete coils. Tlie Malpighian 
tubes vary from eight or ten to about twenty, and are 
grouped in bundles. In Forficula Bordas states there 
are eight or ten tubes grouped in two bundles, while 
Jordan mentions four bundles contaimng 5, 3, 4, 4 tubes 
respectively. The hind-intestine presents a partial or, 
in Arixenia, a complete convolution, and there are six 
rectal papillae. The nervous system (Fig 58) appears to 
be very constant and, in addition to the two cephalic 
centres, there are three thoracic and six abdominal 
ganglia. The tracheal system communicates with the 
exterior by means of ten pairs of spiracles as in Orthoji- 
tera. The female reproductive organs (Fig. 163) are divi- 
sible into two types. In Forficula there are three rows 
of numerous, very short, polytrophic ovarioles, dis- 
tributed at regular intervals along the greater part of 
the length of each oviduct. In Labidura riparia, Arixcr- 
nia and Hemimerus the ovarioles are much fewer, and 
are disposed in a single series. In Labidura there are 
five elongate ovarioles: in Hemimerus there are eight 
(Jordan) or 10-12 (Heymons) while in Arixenia there are 
fewer (Jordan). In the two last mentioned genera the 
ovarioles are very short, each containing a single egg, 
and viviparous reproduction occurs. According to Hey- 
mons (1912) a maternal placenta is present in Hemi- 
merus and Mivelops the embryo. At the anterior extremity of the latter 
the {dacenta forms a large cell-mass and, lying beneath it. is a foetal 
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placenta wMch is developed as a proliferation ot the aainioa aiul Msosa 
m that region. The whole placental organ, thns formed, is m mot oon 
section with the body of the embryo by means of a diverticidnm of the 
head-cavity, known as the cephalic vesicle. The embryos, to the num- 
ber of about SIX at a time, are nourished in situ within their respective 
ovarioles, until they develop into young insects and ready for birth 
The male reproductive organs (Fig. 159) exhibit considerable differences 
among various genera In Forfictda and Amsolabis the testes each consist 
of a pair of elongate closely apposed folhcles : in Hemimerus the follicles 
are likewise paired, but are filiform and tightly coiled: in Arixenia the 
testes are compact and globular, each consistmg of sixteen short follicles. 
The vasa deferentia are very slendar, and in Amsokbis and Hemimerm 
they dilate postenorly to form vesiculae seminales: the latter open, in 
Hemimerus, into a small vesicle which communicates with the base of the 
penis The ejaculatory duct is stated to be 
wholly mesodermal in origin and, in Labtdura, 

Meinert has shown that this canal is paired 
It opens externally by double apeituros and 
aedeagi, whereas in other members of the order 
one ejaculatory duct atrophies, although a 
rudiment of it may appaiently persist in a 
few cases 

Life>History and Post-embryonic 
Growth. The eggs of Dermapteia are pale 
coloured, being whitish in Forfieda, and elhp- 
tical with smooth surfaces F aurtculam in 
Europe lays, according to Bnndley, an average 
of 23 eggs m Amenca Jones {Bull 566 U S. 

Dept Agnc ) places the number as high as 50- 
90. The eggs have been found dunng winter 
or early spring, and in England Chapman men- 
tions that SIX eedyses are passed through, 
while in America Jones records four. The 
adult condition is assumed dunng the sum- 
mer, and there appears to be a single genera- 
tion in the yew. The young nymphs resemble pu. 263 -Fame vu. Nbwi y- 
their parents in general form, except that the nArcHED Nymph, x 15 
forceps are simple and more or less styhform 

(Fig. 263). In Diplatys, the forceps are preceded by jointed cerci in the 
nymphal stages. Accordmg to Green, in D gersteeckeri nymphs 2-5 mm 
long bear 14-jointed cerci which are equal m length to the body. Dunng 
subsequent instars the number of jomts increases up to 45, and the cerci 
attain a length nearly double that of the body In the pre-imaginal instar 
they become abruptly curtailed to a single joint, withm which the future 
forceps can be made out. In almost all other earwigs the forceps are 
not preceded by cerci, and no trace of jointmg in these organs has been 
detected in the few embryos that have been examined. 

Classification. - The Dermaptcra have been monographed by Burr 
itgui) and general information on the order is givoi in the earlier work 
I {Z9jC0) of that authority. There are eight families as follows. 
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' 1. fORFltiULIKA {Earwigs) 

fttES-UVING FORMS. RYES WELL DEVELOPED ; WINGS OFTEN PRESENT •* 
CERCI IfODIFIED INTO HORNY FORCEPS. 


Superfam, I. Labiduroldea. — Body normally convex : aedeagus 
paired: forceps not sickle-shaped: nth tergum and telson present as 
separate plates. 

FAM. PYGIDICRANIDiB. — Femora compressed and usually keeled Pygtdt^ 
cranta, Dtplatys 

• FAM. LABlDURIDiB. — Femora not compressed or keeled. Anisokibis, Lah%* 
dura. 


Superfam. II. Apachyoidea. — Body usually much flattened • aedeagus 
paired : forceps sickle-shaped * nth tergum and telson fused together with 
loth segment. 

FAM. APACliYlDJE.—Apachvus. 

Superfam. III. Forflculoidea. — ^iEdeagus unpaired * loth tergum 
(pygidium) well developed, nth tergum and telson vestigial or absent. 

♦ FAM. FORFICULID.B.— - Second tarsal segment bilobed Forficula, A pU rvgida 
FAM. CHELISOCHIDiB. — ^Second tarsal segment produced into a narrow lobe 

beneath third segment Cheltsoches 

• FAM, LABIID^. — Second tarsal segment unmodified. Labta, Ptolabiat 
Spongtpkora. 

Families marked ♦ occur in Bntam. 


Sub-order II. ARIXENINA 

ECTOPARASITIC. EYES VESTIGIAL. APTEROUS : CERCI NOT HORNY BUT 
ARCHED AND HAIRY. 

FAM. ARIXENIIDAE.— This small group is constituted by the genus Artxenta 
with two spccios, VIZ A. esau Jord from Sarawak and A 'jacobsom Burr from Java 



Fio. 264 . — AniXMNU JAooBSQMt^ ACalb. 
Afar Burr, Ent. MmUh. Mat* ign. 



Fxo. 265. — HjtUIMJtMUa TAtJFO/DMM. 
Adapted from Hanaeu. 



The first mentioned species was found in the breasb-pouch of the bat 
ltoygua$us: the second species has been met with in large numbers 
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guano in a tave much resorted to by bats Art^enia is apterous and viviparous, the 
eyes are greatly reduced, and the mandibles are strongly flattened with their itinei 
edges rounded and clothed with bnstles The certi are feebly chitmized and hairy 
they are unjointed and somewhat bowed, which gives them the appearance of m 
mpient forceps For further information on the genus vide Jordan (1909A), Buir 
and Jordan (1913) 


Sub-order III. HEMIMERINA 

ECTOPARASITIC EYI S ABSI N T : APTEROUS : CERCI LONG, STRAIGHT 
AND UNSEGMENTLD 

FAM. HEMIMERID-®.— This family is composed of the single genus Hemtmeru^ 
of which H ialpotdc\ Walk (1 ig 265) lives as an ectoparasite of the rat Cncetomys 
ganibtanus in Sierra Leone, and is believed to feed upon the epidermal products 
of its host H hansem Shp from Camtroons and Uganda is often regarded as con 
stitutmg a second species Hennmerus is apterous and viviparous, devoid of eyes 
and the cerci are feebly chitmized, unjointed hairy appendages which resemble those 
of the Gryllidae The structure of this retnarkable insect has been investigated by 
Hansen (1894), Jordan (1909) and Heymons (1912) it is an annectant form con 
necting the Dermaptera with the Orthoptcra 

Literature on Dermaptera 

BORMANS and KRAUSS, 1900 .-FoificuhdtP and Hemimendae In " Das 
Tierreuh,*' 11 BURR, 1910 -Dermaptera in * Fauna of India * London —— 

1911 . -Dermaptera Gemra Inductor uni, 122 BURR and JORDAN, 1913 . -On 

Burr a suborder of Dermaptera Trans 2nd Entom Congr HANSEN, 
1894 . On the. Structure and Habits of Hcwiiw/’Kie? Ent Tidsh HEYMONS, 

1912 . -Uber den Gcmtalapparat und die rntwukliing von Hem 7 weius talpotdfs /ool 

Jahfh 15, Suppl 2 JORDAN, 1909 .-Notes on the kw^xtomy oi He mtmerm talpoid is 
Nov Zool 6 — — 1909a -Dcsciiption of a new kind of Aptcious Earwig, apparently 

parasitic on a bat Ibid Vide also Bordas (1898) Blatchky (1920), Chopard 
(1922), Lucas (1920) and Fenard ((896) under Orthoplcidi. 



Order 6. PLECOPTERA (Perlaria ! Stone Flies) 


S OFT-BODIED INSECTS OF MODERATE TO RATHER LARGE SIZE WITH 
ELONGATE, SETACEOUS ANTENN®. MOUTH-PARTS WEAK, OF THE 
BITING TYPE : MANDIBLES NORMAL OR VESTIGIAL, LIGULA 4- 
LOBED. WINGS MEMBRANOUS, HELD FLAT OVER THE BACK IN REPOSE, 
hind PAIR USUALLY THE LARGER, WITH WELL-DEVELOPED ANAL LOBES. 
VENATION VARIABLE, OFTEN CONSIDERABLY SPECIALIZED: VEIN M 2- 
BRANCHED, tarsi 3 -JOINTED, ABDOMEN USUALLY TERMINATED BY LONG 
MULTI-ARTICULATE CERCI : OVIPOSITOR WANTING. METAMORPHOSIS HEMIMET* 
ABOLOUS : NYMPHS AQUATIC, CAMPODEIFORM, WITH THE ANTENNAE AND 
USUALLY THE CERCI ELONGATE : TUFTED TRACHEAL GILLS, WHICH ARE 
VARIABLE IN POSITION, COMMONLY PRESENT. 

The Plecoptera are a small order, whose members arc of considerable 
interest on account of the many archaic features in their structure, and 
the aquatic habits of their nymphs. The imagines have the same general 
characters as those of the Orthoptera, but the mouth-parts are weaker, 
there is never more than a slight difference in texture between the fore- 
and hind- wings, and the coxae are small. They are poor fliers, and do 
not wander fau" from water. Their habitation is the margins of streams 
and lakes, particularly in hilly districts : they are commonly found resting 
upon stones, tree-trunks or palings near the water’s edge, while the green 
forms frequent herbage. The larger species axe well Imown to anglers as 
a bait for trout. The nymphs are exclusively aquatic, living beneath 
stones in clear water, particularly in streams with stony beds, and places 
where there are waterfalls, or where the water is otherwise well aerated. 
They do not live in stagnant pools or polluted streams. Very little is 
known concerning the feeding habits of the imE^es and, in certain cases, 
they apparently do not feed at all. 

About thirty species of the order have been recognized in the British 
Isles, but no general work dealing with these forms is available. Among 
various scattered notes and descriptions, relating to British species, the most 
important are those of Morton {Trans. Ent. Soc. 1894, ^^ 9 ^ • Monih. 
3S> 43> 65) ' ^ork of Klap^ek (1909) is also useful. 

External Anatomy. — ^The antennae are long and setaceous, with a large 
number of small joints. Compound eyes are well developed, and there 
are three (more rarely two) ocelli. The mouth-parts (Fig. 266), adthough 
completely formed, are usually weak structures: the mandibles are normaUy 
developed in the greater number of species, but in the Pteronarcidae and 
Perlidae they are in the form of vestigial flexible lamellae. The maudllae 
cmisist of the typical sclerites and their palpi are 5-jomted. In the labium, 
the mentum is large, the prementum is sometim^ divid^, and both 
glossae and pau’aglossae aire evident : the labial palpi are 3-iointed. The 
whole of the after-body is somewhat flattened, none of the parts are 
strongly c^tinized, and much shrivelling takes place in dried q>ecimens. 
The thorax has been studied more particularly in Capnia and Leuctra, 
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Fig. 200 — I'JiJti i MAXIMA 

t, fxontal vicnv of head, P, ocelli, B labrum a, inaudible; 3, maxilla 
Calea, G. lacuna 4* labium, I, paiaglossa, G, glo&&a, L, prementum 
Urtut After bilvestri 


r, 


aad a very prknitive coo^tion ol its sciethea the >|N[eiK(^(kax 

ht laxiie at>d mobile, while thei»eso-andmeta.''thorax an A}beqtud$(liicti^ts, 
exhibiting the primary four-fold division into to^tes. The nwadc 
Cterna have the full complement of stemites, excepting that the post-ster- 

nellum is absent 
from the metathorax 
An additional sclerite 
of uncertain homo- 
logy is present ^ 
tween the stemellum 
and post-stemellum 
in Capnia : by some 
authorities it is re- 
garded as indicating 
a five-fold primary 
division of tlie tho- 
racic sternum. ^New- 
port (1851) des^bed 
in Pteromreys a pair 
of openings between 
the legs on each of 
the thoracic sterna, 
these apertures being 
the mouths of the 
invaginations form- 
ing the furcae o 
those segments. The wings axe membranous : the hind- wings are almos' 
always considerably larger than the anterior pair, and a coupling-apparatu! 
is not developed. The anal lobe is folded fanwise against the body whei 
in repose. The tracheation in the n5unphs has been 
Studied in several genera : — ^it closely resembles tht 
hypothetical type m the absence of the transverst 
basal trachea (Fig. 268). The fully developed wmg! 
exhibit great instability oi the subordinate veins, ant 
individu^ are frequently unlike with respect to tht 
wing venation of the two sides of the body. In som< 
species, Perla maxima for example, both macropterow 
and micropterous males occur, the latter forms bein{ 
prevalent in the more northern latitudes. Nemourc 
glacialis, Jsogenus nubecula, and other species simi 
iarly exhibit this phenomenon, the wings in the male: 
often being so short as to be useless for flight. Tht 
most archaic type of venation is found in th< 

Eustheniidae (Fig. 269) : in this family the arche^c 
tyon is present over all parts of the wings, Rs exhibit! 
three or more branches, and there is a large fan-lik< 
anal lobe to the hind-wings carrying a number of ana 
veins. Various transitional genera (Fig. 270) lead t( 
more specialized types such as Capnopsis. In the 
lattmr genus the archedictyon has disappeared, Rs is 2-branched in the 
lorw-wing, and unbranched in the hind-wing, while the latter has lost tbii 
msl lobe and vein x A. 

The abdomen is composed of ten evident segments, t(^[ether iriih 



Fig 267 — PAAjf,A 
IMA, natural aize 

After Pictet. 




^ in the female, liad 

isnat e^ ave iOcewise wmiting* in the male. Cem are characteristie oi 
ihehnl», and are ustiaUy long multi-articalate appendages of a primitive 
ty{W.:^;jn the Nempuridae, however, they are small single-jointed structures. 




FiCf. 268. — NjsMoaxA, Wings op a Nymph. 

After Comstock and Needham. 


Internal Anatomy. — The internal anatomy has been investigated by 
Pictet (1841-42), Newport (1851), Imhof (1881) Schceneraund (1912) and 
others. The oesophagus is exceedingly long and, in Pteronarcys, extends 
into the 4th abdominal segment : the gizzard is wanting or rudimentary, 
and the mid-gut is 


small. In Perla 
there are ten an- 
terim* enteric coeca, 
the lateral pair being 
the largest. The 
hiiul intestine is 
tiiort and the Mal- 
id^an tubes vary 
between about 
twenty and sixty. A 
pair of salivary 
glands is present. 
Boih the supra- and 
inira- oesophageal 



|^SV^|g|lia are small : in Fig. 269. — SmrofmiA eaAuSA, new Zealand, wmcn. 
J^i^tmarcys there are ajut ruiyud, 19.3. 

thoracic and 

abdominal ganglia, but in Perla certain of the latter have und^^i 
iltmlescen^ with the result that there are only six evident gangha 
aiKlomen. The reproductive organs are peculiar in that the goiiad; 
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of either side is joined transversely vdth its feUow, the two forming 
an arch-Uke organ, consisting of a nmnber of ovarioles, or ovoid testi- 
cular follicles, as the case may be. At the point of union of the 
sexual ducts there may be a pair of tubular vesiculse seminales in the 



Fig 270 — Nfmoura, Wings* 

After Comstock, ** Wings of Insects ** 


male, and a large sac-like spermatheca in the female. The trachea! 
system opens to tlie exterior by two pairs of thoracic and eight pairs o! 
abdominal spiracles. 

Oviposition and Post -Embryonic Growth. — Plecoptera are notabh 
on account of the very large number of eggs laid by a single individual 
which, in some cases, attains 1,500 to 2,000. Few direct observation! 

of the act of oviposition are available, but it appear! 
in several species that the eggs are dropped on th( 
surface of the water, and distributed by the curreni 
before they reach the bottom. Miall states that th< 
eggs of Perla are black : they project from the abdo' 
men, being loosely held together by a transpareni 
skin, and arc deposited in the water. According t( 
McLachlan {Ent. Month. Mag. 1865) the females o; 
Leuctra carry their eggs on their backs, extruding 
them from the upturned apex of the body and, a' 
the same time, pushing them forwards towards th< 
thorax. 

The n5miphs (vide Pictet, 1841-42 ; Kl&palek 
1909 ; Schoenemund, 1912) resemble the adults verj 
closely in their general form but, unlike the Orthop 
tera, metamorphosis is of the hemimetabolous type 
absence of fully developed winp, th( 
^ characters which differentiate the nymphs from th< 

adults are adaptive in nature, fitting them for ai 

exclusively aquatic existence. Plecopterous nymphs are cWacterized bj 
their long multi-articulate antennae, and their similarly elongate oerc 
(Fig. 271): in some cases (e.g. Nemouridae), however, the latter appendage! 
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art in the fonn of minute single-jointed structures. The hea<i may catty 
both ocelli and compound eyes : the legs are long, laterally fringed with 
natatory hairs, and terminated by paired daws. The tracheal system is 
apneustic, and respiration is either cutaneous or branchial. The nymphs 
are active swimmers, preying upon various small forms of aquatic life 
induding Ephemerid nymphs, larval Chironomids, etc. The most primitive 
type of nymph is found in the Eustheniidae : here there are five or six 
pairs of lateral abdominal appendages which function as gills (Tillyard). 
In other families the nymphs breathe by means of secondary tufts of 
tracheal giUs. In Perla bipunctata, for example, six pairs of the latter 
are carried near the bases of the legs and at the junction of adjacent seg- 
ments on the ventral aspect of the thorax ; there is also a gill-tuft near 
the base of each cercus. The brandiiae, however, are very variable in 
position : in the Leptoperlidse they are only devdoped around the anus 
and in species of Netnoura, for example, they assume the form of lamellate 
outgrowths on the prosternum. Plecoptera are also remarkable from the 
fact that the branchiae may persist in a somewhat shrivelled, non-functional 
condition in the imagines. Thus, Newport showed many years ago that 
in the adult Pieronarcys branchiae are present on each of the thoradc 
segments, and at the base of the abdomen : they are also evident in other 
genera although often very inconspicuous. 

The time occupied in development appears to range from about a year 
in the smaller forms up to 3J or 4 years in the larger species. Accor^ng 
to Wu (1923) a species of Netnoura passed through 22 instars and the same 
number was observed by Samal (1923) in Perla abdominalis. In P. cephahtes 
Schoenemund (19x2) recorded 33 eedyses during a period of three years. 

Classification. — ^The most primitive families occur in the southern 
hemisphere, the Eustheniidae, for example, being confined to the Australian 
region and Chili, while only the more specialized families are found north- 
wards into the holarctic region. Those marked • in the table below are 
represented in the British Isles. For a bibliography of the order vide 
Claasen (1931). 

Key to the families of Plecoptera based upon the cla-ssification of Tillyard 
(1921. 1923). 

{2) . — Anal lobe of hind- wing with archedictyon, margin entire. 

EuUhenia, Slenoperla. EUSTHENno.s 

2 (1). — ^Anal lobe of hmd-wiug without archedictyon, margin 

incised at apex of CUf 

3 (4). — Anterior coxa* closely approximated ; mandibles vesti- 

gial : archedictyon present except on anal lobe. 

Pteronarcys. pteronarcida 

4 (3). — Anterior coxae widely separated. 

5 (6). — ^Mandibles vestigial : dypeus and labrum hidden 

beneath a frontal shelf ; 3rd tarsal joint longer than 

1st + 2nd. Perla, Chloroperla. ’perlid* 

6 (5). — ^Mandibles, clypeus, and labrum normal : 3rd tarsal 

joint not longer than ist -f 2nd. 

7 (8). — With more than six anal veins in hind-wing. Auslro- 

perla, Tasmanoperla. austroperuda 

8 (7). — With six or fewer anal veins in hind-wing. 

9 (10). — ^No true anastomosis joining main veins from R to Cut 

near middle of wings: distal cross veins present. 

Leptoperla, Gnpopierya. leptoperuo.s 

10 (9). — A true anastomosis joining main veins from R to Cui 
, near middle of wings : distal cross veins usually absent, 

tx (12)'. — Cerci i-jointed, vestigud. Tcentopteryx, Netnoura, 

Leuctra. •NF-MouRiniS 

12 (ii). — Cerci long, multi-axticulate. Capnta, *CAPt«nD 4 e 
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Order 7. ISOPTERA (Termites or white ants) 


S OCIAL AND POLYMORPHIC SPECIES LIVING IN LARGE COMMDNITIES 
COMPOSED OF WINGED AND APTEROUS REPRODUCTIVE FORMS TO- 
GETHER WITH NUMEROUS APTEROUS, STERILE, SOLDIERS AND WORKERS. 
MOUTH-PARTS OF THE TYPICAL BITING TYPE : LIGULA 4-LOBED. WINGS VERY 
SIMILAR, ELONGATE AND MEMBRANOUS, SUPERPOSED FLAT OVER THE BACK 
WHEN AT REST AND CAPABLE OF BEING SHED BY MEANS OF BASAL FRACTURES t 
ANTERIOR VEINS STRONGLY SCLEROIIZED, REGULAR CROSS- VEINS WANT- 
ING AND AN ARCHEDICTYON OFTEN PRESENT, TARSI ALMOST ALWAYS 
4-JOINTED. CERCI SHORT OR VERY SHORT : GENITALIA WANTING OR RUDI- 
MENTARY IN BOTH SEXES. METAMORPHOSIS SLIGHT OR ABSENT. 

The Isoptera are usually known as termites or “ white ants ” ; the 
latter expression, however, is unfortunate smce these insects are very 
distantly related to the true ants or Formicoidea. Their invariable habit 
of living in densely populated societies, along with their pale coloration, 
has given rise to the popular expression of “ white ants," but the use of 
the word termites is preferable to the latter, being convement and not open 
to objection Different as the termites are from the true ants, the two 
groups offer certain striking analogies of habits and structure. Their 
remarkable social life and the presence of specialized wingless individuals, 
known as soldiers and workers, are cases in point. 

Termites abound throughout the tropics of the world and also occur 
m most warm temperate countries Fully 1,500 species have been described 
and, of these, the vast majority occur south of the holarctic region. Only 
two species, Cdotemes flavtcoUts and Leucotemes luctfugus, are common 
m Europe, but these do not extend their range into the British Isles. 

A termite commumty includes several castes or types of individuals 
which live in habitations, or termitana, of extremely varied kinds. The 
castes are five in number, and are divisible into reproductive and sterile 
forms consistmg of individuals of both sexes. The reproductive castes 
comprise (a) completely chitinized macropterous or fuUy-wmged forms 
whose mission m life is the formation of new colonies (Fig. 272) : (i) slightly 
chitinized brachypterous forms : and {c) slightly chitinized apterous forms 
(Fig. 285). In addition to the foregoing, a termite colony usually con« 
tains a royal pair— the queen and king : these are commonly deSlated 
individuals of the fuUy-winged caste and are the original founders of ths 
colony (Fig. 284). The sterile castes consist of (a) soldiers and (6) workers 
which are apterous males and females adapted for special non-reproductivi 
ftrhctions. Every colony also contains numerous immature individuals of 
diSsrent ages pertaining to most of, or in some cases all, the above five 
enstes. l^ides the le^timate occupants of a termite habitation, there 
to be found symbionts and inquilines belonging not only to oth^ 
of insects but also to different classes of arthropods. It is evident, 
l^ttrefore, that the study of termite associations mvolves problems of the 
Uological significance and, it may be added, an extensive field 
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fox' research awaits those investigators who may be located in favoured 
countries. 

External Anatomy. — ^The cuticle in termites is thin and flexible and, 



Fig 272. — A Winged Tbrmtic (/4 ccEorM i/> #&/«), Male. 


in the apterous castes, only that of the head is at all hard while the covering 
of the abdomen is frequently of the nature of a delicate translucent mem- 
’ The aerial winged forms are more completely chitinized than any 



other caste ; as a rule, the cuticle is more 
darkly coloured in species which either for- 
age in daylight, or inhabit wood above 
ground than in subterranean forms. The 
head in the reproductive castes and workers 
is ovoid or rounded, while in the soldiers 
it is much larger and more often oblong ot 
pyriform (Figs. 273, 274) : in the lattei 
caste it may exceed in size the whole of the 
rest of the body. The median and V- 
shaped epicranial sutures are frequently 
evident although extremely variable in 
their degree of development. Compound 
eyes are universally present in the macrop- 
terous forms, but suffer reduction to a 
greater or lesser extent in the other repro- 
ductive castes. They may be present in 
all castes of species which live or forage 
above ground, and are hence more exposed 
to daylight, but when present in the sol- 
diers and workers they almost invariably 
exhibit degeneration. OceUi are frequently 
present but do not occur unless accom- 
panied by compound eyes : the median un- 
paired ocellus is wanting. The antenna 9 Xi 
moniliform and arise from shallow fossa 


«i,(iiypeas; «.ejre-, >M,eniaeiaai situated immediately above the base ol 


each mandible. The number of joints 
varies from about 9 or 10 to over 30, being greatest in some of the more 
primitive genera ; it also varies according to the caste and age of the 
^vidual and is highest in the macropterous forms. After emergence frenr 


THE MOUTH-PARTS ^ 

the eg^^ the antenna Increases in length by means of the intercalation ol 
new joints, though the growth smd subdivision of the third joint, and 
those joints directly derived from it. The Idbrum is well developed 
largely overlies the bases of the mandibles. It is extremely variable in 
form (Fig. 274) and is hinged to the cl^eus. The latter sclerite is divisible 
into a chitinized post-clypeus, which is firmly fused with the frons, and a 
more membranous distal portion or ante-clypeus. 

The mouth-parts (Figs. 274, 275) closely resemble those of the Orthop- 
tera in their general features. The mandibles in the reproductive forms 
.md workem are very similar and present few striking deviations in form. 
In the soldiers, on the other hand, they are ^ceedingly variable in differ- 
ent genera, often attaining a great size (Fig. 274), accompanied by curious 
anomalies of 
shape; among the 
nasute soldiers, 
however, they are 
vestigial and 
minute. The 
maxillce only differ 
in points of detail 
throughout the 
order. The galea 
is hood-like and 
commonly 2- 
jointed : the la- 
cinia is strongly 
chitinized, and 
powerfully 
toothed distally, 
becoming more 01 
less laminate 
basally, and is 
armed with stout 
set» along its 
inner margin : 
the palpi in all 
cases are 5* 274 — Heads of Soldiers of African Termites, 

iointed. The Mtrotermts 3, HamtUmus 4, Butsmss, 6, Pmeapnitrmt. 7, Mfcuh 

i m . itrmst 8, Cubttgmei , g, frontal gland, A/Ur various figures by Silvestri, SoM. L«6. 

labium possesses a zooi PoHm. o 
large basal plate 

iftiiidi has received various names and may be termed the postmentum, 01 
imdifierentiated mentum and submentum (Fig. 13). Anteriorly it bean 
the prementum which is of a generalized type. The latter region exhibits 
more or less evident traces of a paired origin and cames both glossae and 
paraglossae. The hypopharynx is always large and is very similar to that 
of the Orthoptera; superlingtuB are wanting, unless a pair of minuti 
chitinized sclcrites are to be regarded as their counterparts. 

In the cervicum there are two pairs of large and conspicuous lateral 
cervical sderites, those of a pair being placed at right angles to one another : 
vestigial dorsal and ventral sderites are also sometimes present. 

In the thorax the terga are well developed : the pronotum is the most 
distinct, its many variations in form affording generic characters. It may 
he flattened and shidd-like, heart-shaped, laterally lobed or very often 




. The ms(h and <12, 

iWtthS variable or pronounced m duUtUStar. >q t y ‘Wiljfal Mir. 
jE^stcnia are membranous with their bounda^ ^ ic 

M itHn pftiah The prostemm is greatly reduced and defiirte aMds are 
cdieii wanting ; in Atchotifittopsis it consists of two small tnangolar plates 
wbich are separated finom one anothei in the median line. The wcsosietfwtn 
ia the largest of the three sterna and is a variably ^aped shield ; articulat- 
ing with it postenorly is a small rod-like mesosternellum. The metasiernum 
is very wide and partially hidden from view by the bases of the middle pair 
of legs : a metasterneUmn is likewise present In each segmoit the sides oi 
the sternum are separately chitinized to form laterostemites which also 

articulate with the episterm. The 
latter elements m the prothorax are 
strongly chitinized bands which pass 
upwards to articulate with the! under 
surface of the pronotum on eith^ side. 
In the meso- and meta thorail the 
epistema are large, and in the mdfcrop- 
terous form reach the bases of the 
wings. The three pairs of legs are Very 
similar : at their baises the epimera are 
well developed and the coxa very large 
and broad. In the middle and hind 
pairs a meron is marked off from the 
rest of the coxa by means of a deep 
suture. The tibiae are long and slen- 
der : among the most primitive gen^a 
they are armed with both terminal 
and lateral spines, but in the majority 
lateral spines are wanting. The tarsi 
are typically 4-jointed : the only ex- 
ceptions are Mastotermes which has 5 
complete joints. In Archotmnopsi^ 
and its related genera, Termopsis and 
Hodotermopsis, the tarsi are imper- 
fectly 5-jomted, the 2nd joint being 
reduced. In the winged imagines oi 
Mastotermes, and al^ of Archokr- 
mopsis, and other Calotermitids, an 
mnpodwm is present between the claws of the feet ; in other faitiiliojt this 
stiueture is wantmg. 

The (Figs. 276, 277) of termites are characterized by the essmtutl 
similarity in size, form, and venation of the two pairs of those organa. 
The veins of the anterior portioii of each wing are strongly chitinized, while 
iSiose distributed over the remaining area are much less pronounced and ex* 
fafliit indications of degennrarion. This feature hsus probably resulted htm 
1|te sli^t use to which the wmgs are subjected, more durable cngans beiug 
ttuneoessaiy. There is a striking absence of regukr cross-veins, and tile 
anbrane is stiffened in many cases by the presence of an irr^iuhu 
ehitinized network between the veins. The veins distributed ovei 
lediate region of the wing are reduced to faint lines while, on 
hand, them is a large posterior group of accessory veins borne by tin 
The venation (vide Comstock ; also FuUer xoiol is nrkniciviK U 
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^ A, nw i xilla of soldier B, labium of macropterous 
IQfiii labium of eoldier, c, cardo, jpm, post- 
pm, premeatum, $, stipes 



af'Vir 
of the 


„ . % WWsfilofi h eviaeftt, Alfeding mow ittitfett* 

la, ly the ttm meditA v^. In the fore-tivi^ of MashUrms, acoofyl* 
utg to Cc^sto^> f^ere 1 $ no true costa! vein ; Sc is 2-branched, and aw 
rccognieahle as sq)arate branches. Both M and Cu are well devebped, but 
ti)c«areno anal veins, their place being taken by several accessory branches 
of Co. In the hind>wing Sc is unbranched, R, is absent, and M arises from 


Ihree anal veins 
are present and 
support a well- 
developed anal 
lobe (Fig. 296). 

The presence of 
the latter feature 
recalls the Blattid 
hind-wing and is 
a primitive char- 
acter found in no 
other termites. 

Archotermopsis 
and Termopsis 
exhibit the first 
stage in reduction, 

bemg undivided in the fore-wing, and the anal lobe in the hind-wing 
being vestigial. In Leucotermes, and the higher Isoptera, the costal margin 
IS greatly thickened through the fusion of certain of the anterior veins, 
R is represented by a single stem, possibly R**,, M usually retains one or 
more branches, and the remainder of the wing is occupied by the accessory 
branches of Cu. One of the most striking features of the termite wing is 
the oresence of the basal or humeral suture which is a Ime of weakness 

along which the fracture and shed- 
dmg of the winp takes place. The 
stump of the wing, or that portion 
which lies between the humeral 
suture and the thorax, persists 
throughout life and is commonly 
termed the scale. This property of 
casting the wings is not entirely 
confined to the Isoptera. In the 
Blattid Panesihia the wings are toM 
oil in a somewhat iitcgulmr manner 
in a certain proportion of indivi- 
duals; in the Zoraptera (vide p. 
300) they are likewise shed but the 
tructure is more regular although no basal suture is developed. 

The abdomen is lo-segmented, th: full number of terga being present. 
Ihe first sternum is atrophied and the stonal plates difier marked^ in 
the two sexes of the reproductive forms. In the males of many termites 
aS the sterna are entire : in certain of the higher forms (Etdermes), however, 
^ 9th sternum is divided. In tih<! females the 7th sternum is greatly 
sribiged forming the subgenital plate which overlies the succeeding sterna. 
IP|I terminal segment of the abdom<m carries a pair of short md whkh 
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1^x9 present in all castes* In Atckolttfnopsts tiiey fli® coiAposicd of 6-8 

joints, in MtistoUmes and Temopsis of 5 joints. 
Hodotemopsis s-'d joints, while in the family 
Termitidae they are, for the most part, reduced to 
the condition of i- or a-jointed tubercles. On 
the hind border of the 9th sternum a pair oi 
smaU, unjointed ami styles are frequently pre 
sent. They occur in both sexes of the soldrers 
and workers and in the nymphs of all castes : in 
the reproductive forms, with rare exceptions 
they are present in the males only. External 
sexual differentiation is clearly evident in the 
m. soldiers and workers of Mastotermes, Archoter 
mopsis, and a few other pnmitive forms. In 
the two fiist mentioned genera there is a similar 
differentiation of the terminal ventral plaites as 
in the sexes of the reproductive form!®. A 
reduced ovipositor of the Blattid t3q)e is present 
in Mastotermes 

Fig ^^&—AR(uo^eRuopsla, Internal Anatomy. — The digestive canal 
t-ANAL OF (Fjgj. 278, 279) IS a coiled tube of moderate 
a.JiXosi cxhibits Comparatively fcw important 

om™, «, _midmtn,tMe, «<. Mai- variations in &tructuri“ 
r, rectum. *’ The mouth leads into a 

elongate oesophagus c 
narrow calibre wliich expands distally to form th 
crop. The latter organ is seldom capacious an 
frequently is only slightly emphasized. It is fo 
lowed by the gtzzard, provided with an armature c 
chitinous denticles : this organ is simple and nn{ 
like in certam of the more primitive forms, becon 
ing more pronounced among other termites. Bi 
yond the gizzard the fore-mtestme protrudes ini 
the cavity of the stomach forming a large oest 
phageal valve. The stomach is tubular, of unifon 
calibre throughout and often completely cncircli 
the hind-intestine. At the junction of the stomac 
with the latter region are the Malpighian tubes 
these are variable in number, eight being usua] 
present in the Calotemutidae and from two 
dlght among the Termitidae. In Archotermopi 
five enienc caeca arise as outgrowths from t! 
anterior end of the stomach; in Caprtterm 
Holmgren (1909} mentions a pair of large berry-lil 
glands arising near the origin of the Malpighis 
tubes. At its commencement, the hind-tntesUm is —iKutm obt- 

a short narrow tube (or ileum), often separated by Alimentary 

means of a valve from the colon. The latter reg on Cakal op Soldier. 
is usually an extensive chamber which, in the wo )d- mfl 
feeding termites, is frequently distended owing to SJfeJ'sSlSSSSfifi 
the presence of large numbers of Protozoa. The 
fedum is a narrow tube of v«y variable length and terminates in an ovok 
m ^erical chamber opoiing to the exterior by means of the anus. 
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Sa^vaty glands are wdl developed and racemose in character ; each 
pKmd is provided with a salivary reservoir. The ducts, both from the 
glands and their reservoirs, eventually unite to form a common salivary 
t.inal opening at the base of the hypopharynx. Bugnion (1911) states 
tiiat in the soldiers of Tertnes ceyUmictts Wasm. the salivary glands are 
very large and secrete a viscous milky fluid probably defensive in function. 

The circulatory system has been very little investigated ; the heart con- 
sists as a rule of 8-zo chambers and is prolonged anteriorly as the aorta 
vihich communicates with the cephalic blood space just behind the brain. 

The fat-hody is more extensively developed in the reproductive forms 
than in the soldiers or workers. Fesrtaud (1912) states that in the kings 
and queens this tissue undergoes a complete change several years after 
swarming. Migratory cells (" leucocytes ’’) enter it in large numbers and 
undergo division, gradually building up a new fat-body at the expense of 
the old. In the course of its development the new tissue often assumes a 
regular columnar form which is lost when it becomes actively functional. 

The nervous system presents nc 
notable variations, excepting differences 
in the degree of development of the 
brain and eyes in the reproductive and 
sterile castes. In the ventral nerve 
cord there are three thoracic and six 
abdominal ganglia. The sympathetic 
system is well developed and closely 
resembles that of the Orthoptera. 

The frontal gland (Fig. 280) is a 
very characteristic termite organ and 
is formed by a differentiation of a 
group of hypodermal cells in the 
median line of the frons. It may be 
present in all castes but usually 
attains its greatest development in the 
soldiers (vide Holmgren, 1909; Fey- 
taud, 1912 ; Thompson, 1916 and 
1917). In its completely developed 
condition it is a sac-like gland which 
communicates with the exterior by means of the frontal pore. The latte 
opens in a shallow depression of the surface of the head where the chitii 
is pale-coloured and known as the fontanelle. Hie gland is, further 
more, coimectcd with the brain by a median fontanelle nerve. In Leuco 
termes (Reiiculotermes) the gland is well exhibited in an average degr© 
of development. According to Feytaud in the macroptcrous caste of I 
lucifugus it is a spherical sac, w hich opens to the exterior, and is lin^ by^ s 
chitinous membrane ; beneath the latter is a layer of elongate epithelia 
In the soldiers its configuration is vmy similar, but the gland i 
somewhat larger, while in the workers it is rudimentary, being mereb 
represented by a group of h3q)odermal cells and devoid of a frontel pore 
Thompson has made a more detaOed study of the organ in L. flavipes am 
states that in this species it is largest in the macropterous ewte. It i 
present in the newly hatched n5miphs, although barely recognizable, an< 
undergoes differentiation as development proceeds. The gland attain 
its greatest devdopment in the soldiers of Arrhinottrmes ^d Coptotermes 
in tliese genera it is in the form of an extensive sac, reaching backwards h 



c, cutidc of head , / fionUl gland , h, hypodertnlsj 
cbitinous lining of gland, n, brain, 0, frontal 
pore, <e, OBbophagus Afitr Feytaud 



tbe <it tbie «, itgleft Ikf^k^kf 

aedneiiiw thrau^ an enktged nontal |^. Isb uie scddittt <tf Hifixlmne'i 
the gland opens at the apex of a prominent frontd Mefcle, and in thn 

nasute soldiers of EfOehnes the tubercle is pro 
bnged into an elongate rostrum, thcougli 
which the duct of the gland passes. 

The nature and function of the secretion of the 
frontal gland is problematical : in some cases k ap- 
pears to have defensive signihcance while in others 
the gland is so little developed as to appear to be 
non-functional. Thompson suggests that the frontal 
gland arose phylogeneticallyfrom the original median 
ocellus which is now wanting in termites. This view 
is based upon the position and the structural resem- 
blances of the frontal gland and lateral ocelli, upon 
the presence of the fontanelle nerve in the same 
frontal section in which the lateral ocellai nerves 
enter the brain, and upon the resemblance\ of the 
cells of the gland in developing nymphs to\ visual 
cells. Facts enumerated by Holm^en bearinW upon 
the morpholo^ of the frontal gland and the phylo- 
geny of termites, are also regarded by Thoi^pson 
as lending support to this view. 

The sexual organs attain their complete 
functional development in the reproductive 
castes. In the soldiers and workers they are 
almost always aborted to a greater or l^s 
degree. Exceptions are met with, howev^, in 
Archotermopsis whose soldiers have fUUy 
^ developed sexual organs, which are evidently 

*^KODucmE orSTf capable of functional activity, and Heath 
w^NGBD Femalb. records members of this caste in Terntopsis 

<w, ovary; orf, pviduct; e«, coiteterui producing fertile eggs. Almost every grade 

m degeneration of the sexual organs can be 
traced among the soldiers of various genera, until the culminating point is 
reached in Eutermes monoceros Koen. where, according to Bugnion (1909), 
no traces of these organs are to be found. In the reproductive castes (Fig. 




2B^.--'AMem>r£nuopgiM, diagrammatic Fig. 283.-— ifjwjrorBJtjfoM/j, RBRR00ti«^i^ 

;; SUCTIOM OB TBB APBX OF THB ABDOMBK ORGANS OF WZNGBO MaLB. ' ^ \ 

' OF A IPiaiAlrJt SOLDIBR. j, testb; p.»., veiioida Mnitwlte; ad, vas 

. terga: atema: a, antn; fg, opndog ejaculatory duet. 

, boUeteiial glandi ; i^wnnatiieea ; cnI; oviduct. ‘T ; 


the testes are simple and c<msist of a variable number of short digp^. 
(usually about 8->zo) situated in or near the 8th abdominal 


f'f/ 
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a flimaci^ e^acMqty ieect, At the point of union there isa 


' ’1^ TSmCXTES ^ 8^3 

vesktih un^nakst wk cogatsistiag dF a ^mtxp tX smalt tubiiU. Aeooimta 
are iiaMdIicting mtii re^u^d to the nature of the spermatozoa and forthtt 
invoatigation is needed. According to Grassi and Sandias (X897) the spec * 
matozoa in Caktermes flavicoUis arenon-motile and devoid of the usual tail 
In Archotermopsis, however, they do not offer any exceptional features and 
the latter appendage is present. In the female (Fig. 281), each ovary con- 
asts of an extremely variable number of panoistic ovarioles (30-45 in Archo* 
iermopsis) which open separately into the oviduct. The two oviducts 
communicate by means of a common aperture with the genital pouch 
whose floor is formed by the enlarged 7th sternum (Fig. 282), The dors^ 
wall of the pouch receives the apertures of the spermatheca and the com* 
mon duct of the colleterial glands. The latter organs consist of a large 
number of elongate and much convoluted tubuh, whose function has not 
been ascertained. 


The Castes of Termites 

It has been previously mentioned that termites live together in large 
communities composed of polymorphic individuals. The latter are divisible 
into three castes of reproductive forms and two of stenle forms (Vide Grassi 
and Sandias, 1897 : Snyder, 1920). 

The Reproductive Castes consist of — (i) The macropterous forms 
(Fig. 272). The mem- 
bos of this caste are 
the winged imagines of 
most authors and the 
“ adults of the first 
form ” of Thompson 
(1917). They are to be 
regarded as the ances- 
tr^ caste among ter- 
mites from which the 
other forms, both fer- 
tile and sterile, have 
been derived. The two 
pairs of large mem- 
branous wings, nearly 
equal in size, afford the 
character upon which 
the name Isoptera is 
based. The body in 
these individuals is well 
chitinized and often 
darkly coloured, com- 
pound eyes are fully de- 
veloped, and there are 
litequently paired ocelli. The caste is adapted for a brief aerial life and its 
members are concerned with the foundation of new colonies. The brain 
is large, the frontal gland when present is relatively well developed, and 
title sexual organs attain a greater size than in any other caste. (2) The 
IHKACBY^TEROUS FORMS (" adults of the second form,” Thompson). The 
members of this caste live a subterranean life, the body is much 1^ chititiiM^ 
in the macropterous form, and is straw-coloured or grqdsh wlute. 
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Fig 284. — llETicuioTEBusa FLAViPXs, Deflated Qubsh 
(1) AND King (2) of Macropterous Form. 

After Banks and Snyder, US, Nat, Mus Hull xo 8 . 
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Growth of the wings is inhibited, these organs remaining in a more or less 
n3miphal condition and in the form of short scale-like vestiges, but usually 
with a distinct venation (Fig. 285). The compound eyes are smaller and less 
strongly pigmented than in the previously mentioned caste : the brain, frontal 
gland, and sexual organs are also somewhat reduced in size. The function 
of the brachypterous forms is not fully understood, and the question whether 
they are merely useful to the individual colony in maintaining its numerical 
strength, or are of importance to the species in founding new colonies, needs 
investigation. (3) The afierous forms (" adults of the third form,” 

Thompson). This 
caste is a compara- 
tively rare one and 
does not appear to 
have been met with 
among the higher 
termites, i.e. — the 
Termitidse, Its 
members are subter- 
ranean in habits, 
there is an almost 
complete absence of 
coloration in the 
cuticle, the com- 
pound eyes are 
vestigial and there 
is a complete ab- 
sence of wings (Fig. 
285). The caste 
has been studied in 
detail in Leucotermes 
{Reticulotermes) and 
Pfothinotermes by 
Thompson and Sny- 
der (1920) who point 
out that although it 
bears a close resem- 
blance to the 
workers of these ter- 
mites it may be dis- 
tinguished by certain 
de^ite characters. 
The conditions 
under which the 
apterous forms are present and exercise their full reproductive capacity 
are not understood. 

According to Grass! and Sandias (1896-97) the brachypterous and 
apterous forms are “ substitute ” or " complementary ” neoteinic castes, 
which functionally replace the macropterous forms in cases of necessity, 
and under certain conditions. The gonads mature earlier in these castes 
than in the macropterous forms and this fact, together with their general 
n}unphal appearance, has led the Italian observers to regard them as 
immature forms. They maintain that the latter could be induced, at the 
will of the colony by extrinsic means, to undergo precocious sexual develop* 
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Fig. 285. — I, PxTicuioTFPMFs Fr 4 ifrr^, Apterous Queen. 
"2, /?. rjJtoiFicvs, Brachypterous Queen. 

After Banks and Snyder he, cU, 
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ment The pale coloration and weak ddtimzation, together with the 
reaction of the visual organs, are features correlated with subterranean 
or concealed habits and are not necessarily associated with immaturity. 
Furthermore, adult brachypterous and apterous forms are well known in 
certain other orders of insects, while the usual absence of anal styli, in the 
females of these two castes, suggests the probability that the latter are 
composed of adult rather than of neoteinic individuals. 

The reproductive castes exhibit a remarkable postmetamorphic growth 
which is initiated as a response to the stimulus exercised by the developing 
sexual organs after coitus has been effected. The fertilized females, or queens, 
of the more primitive genera betray this postmetamorphic growth only to a 
very slight degree : on the other hemd, among the Termitidae they attain rela- 
tively enormous dimensions (Fig 294). These gigantic queen termites often 
attain a length of 5 to 9 cm. or more : they have attracted the wonder 
of generations of naturalists, and the appetite of the savage who has prized 
them as a food delicacy. Although queens may be developed from all 
three reproductive castes, they attain the largest dimensions when derived 
from the macropterous form . Such queens are easily recognizable on account 
of the persistent bases of the cast-off wings (Fig. 284). The increase in size 
only directly affects the abdomen, the head and thorax remaining unchanged 
in appearance, forming a mere appendix to the greatly distended hind- 
body. The vast size of the latter is mainly due to the increased development 
of the ovaries and fat-body. The postmetamorphic growth does not affect 
the size of the external scleritcs but, on the other hand, the intersegmental 
membranes develop to such a degree that they constitute almost the whole 
abdominal covering, leaving the original tergal and sternal plates as small 
islands of chitin. 

The changes undergone dming postmetamorphic growth have been 
studied by Feytaud (1912) and Bugnion (1912) ; the chief features of the 
process may be summarized as follows. The wing-muscles, which occupy 
the greater part of the thoracic cavity, degenerate and are broken down, 
partly by phagocytic action. The original fat-body, as mentioned earlier 
in the present chapter, undergoes complete transformation, being replaced 
by a new tissue. Certain changes supervene in the digestive system m 
conformity with an alteration in diet. The queen no longer partakes of 
ligneous or other hard matter but is nourished upon saliva or, in the fungus- 
growing species, upon fungal hyphae in combination with that secretion. 
The jaw-muscles in consequence become reduced in size and power : the 
stomach undergoes correlated changes, both structural and functional, 
the Malpighian tubes increase in length, while the hind-intestine suffers 
marked curtailment. The volume of the blood-tissue is ^eatly increased, 
while the nervous system and dorsal vessel imdergo elongation in conformily 
with the general extension of the abdomen. The most striking changes are 
exhibited in the' reproductive system which monopolizes, as it were, the 
greater part of the abdomen and converts the queen into one vast, inert, 
egg-laying mechanism. The changes involved are those of size and, in its 
general morphology, the reproductive system of the queen does not differ 
from that of thi same individual when in the winged stage ; in Terms 
redemanni Bugnion mentions that one ovary alone consisted of the enormous 
number of 2,420 ovarioles. 

The Sterile Castes (Figs. 273, 286) are divisible into workers and soldiers. 
These are apterous individuals in which the sexual organs are arrested in 
theii' development or atrophy, and are consequently non-functional. 



\ |lc): the wosKEis are numoicaliy the mo^t mqKru^ jaertibeft;ii^ the 

, 'ieradte ooimnimity. They are ustially pale coloured with ^ int^ument 
little chitinized, and fliey bear a closer resemblance to the i^phs 
ifltan to the adult members of other castes. Except in the primitive gehus 
Mastoiemes, external sexual characters are usually absent. The hfad 
ctf the worker is directed downwards, it is relativdy wider than in the 
rejnroductive castes, but never attains the dimensions found among the 
sohliers. Compound eyes are usually absent, but in certain species they 
are present in a vestigial condition ; tolerably well developed faceted ayes 
occur in the workers of HodoUrms, which are active above ground during 
^ylight. The mandibles resemble those of the reproductive castes but 
they are more powerful and adapted for gnawing wood and other vegetable 
tissue. In the configuration of the thorax the workers resemble the soldiers 
rather than the imagines. On the whole, distinctive characters are but 
little emphasized among the workers of the various species and, f<j|(r this 

reason, it is usually 
a matter of kreat 
difficulty, or aijr im- 
possibility, to deter- 
mine their sp^iflc 
identity unless mem- 
bers of other castes 
are taken with them 
at the same time. 

Not infrequently 
the workers are 
dimorphic, being 
divisible into major 
and minor forms. In 
sudi cases the head 
and mandibles, and 
often the body, of 
the major workers 
are distinctly larger 
than those of &e 
minor individuals. 
In some species, how- 
ever, it is impossible 
sharply to separate 
vthe workers into these two classes owing to the occurrence of numerous 
intermediate forms. Dimorphism among workers occurs, for example, 
in Temes {MacroUrmes) estheree Desn., OAotUoUmes oibesus (Ramb.), 0. 

. teiemanni Wasm., 0. horni Wasm. and in many species of the genus 
Eutemes. 

Although taking no in reproduction, and seldom any part in the 
defence of the community to which they belong, practically all qtter 
^ duties devolve upon the members of this caste. They exhibit marked 
jcpe for the eggs and young and, in times of danger, may remove tiieih fo 
-^^totions wbi<£ afford greater safety. They also feed and tend the queep^, 
ifibifage for food, often at a distance from the nest and, in the fungustgrqvw® 
pipi^cies, attend to the cultivation of these lowly forms of v^etation 
piQr plant in special chambm. In the case of l^ucolous specie, ^ 
excavate the galleries and tunneds which save for the nest ; 




1 ^ 0 . 2B6^’'^P^ojtsjNOTsaMS8 sfupisx, I, worker ; 2, soldier. 
After Banks and Snyder, V^. Nat, Mus. BuU. zo8. 



^ J j ' TqilJll JSOI-UISI «77 

’ I 

lon»6*i&«y construct the temiiiattiim, and repair any 
injuries sustained by the latter. Ovring to their gnawing propensities the 
workers have earned for termites their unenviable reputation as destroyers 
of crops, woodwork and other materials serving the convenience of man. 
Ihere is no true worker caste in Archotermopsis, its functions being 
performed by the nymphs of the soldiers and sexual forms. The 
worker caste is likewise absent in Termopsis and a few other primitive 
genera. 

The SOLDIERS are the most specialized members of the termite com- 
munity and appear to be wanting only in the genus Anopiotermes. They 
may be readily recognized by the great size and strong chitinization of the 
head. The mandibles also attain much larger dimensions than in other 
castes, and frequently assume stnking or almost grotesque forms (Fig. 
274). Two well-defined types of soldiers can be distinguished — (a) the 
m andibulate type with large and powerful jaws but no frontal rostrum ; 
(b) the nasute type (Fig 287) in which there is a median frontal rostrum 
but the jaws are small or vestigial. Sol- 
diers conforming to either of these types 
may frequently be separated into major and 
minor forms as in the workers, and often in 
the same species. In other instances tn- 
morphism obtams, large, intermediate, and 
small soldiers occumng within the limits of 
a single species. In certain other cases, 
however, the soldiers are extremely vanable 
and, although separable into large and small 
forms, the two extremes are connected by 
numerous individuals of intermediate sizes 

As in the workers, the soldiers consist of 
both males and females but, except in those 
of Mastotermes, Archotermopsis and certain 
species of Calotermes, external secondary 
sexual characters are slight, and the sex 
of the individual can be best ascertained 
from an examination of the gonads. Toler- 
ably well developed faceted eyes occur in 
the soldiers of Hodotermes, and vestigial 
eyes are found in those of Archotermopsis, Calotermes and other genera, but 
more often than not visual organs are totally wanting : a pair of reduced 
ocelli may also be present. The antennae usually consist of one or several 
joints less than in the reproductive castes. 

Although numerous modifications are exhibited in the form of the 
head and mandibles among soldiers of various species, comparatively few 
of these differences can be interpreted as being special adaptations to 
particular functions. The soldiers are mainly concerned with the defence 
of the colony which they protect by seizing or repelling any mtruders. 
Means of defence are afforded, in many cases, by the great size and power 
of the mandibles : in others it resides in the capacity of the individual for 
(peering a repeUent fluid. When disturbed the mandibulate soldiers may 
often be observed to assume threatening attitudes with the jaws out- 
siretdied, and they will usually seize any object present^ to them. Ants 
are among* the bitterest enemies of termites, and the soldiers of the more 
OfKiVRtigeous termites not infrequoitly seize them, and eject them whw 



Fig, 287. — EvihRHE^ iO^TARtCEXaiB 
Nasute Soldier 
After Banks and Snyder, toe oU 
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attempting to enter the nest. Be highly specialised so^ of some 

SDfici® are apparently of little service to the conraumty. Those of 
gieaes are appdiai j Capritemes, for example, with 




their curiously twisted mandibles, 
are ill adapted for performing any 
utilitarian function. Any defen 
sive r 61 e which such termites may 
possess would appear to be solely 
expressed in their general aggres- 
sive appearance and power of 
assuming threatening attitudes 
In several species with exception- 
ally large heads the soldiers are 
stated to block up gaps in the 
walls of the nests, while the work- 
ers are undertaking repairs. 

In the second methdid of 
defence, referred to above, a 
viscid secretion is emitted tlirtjugh 
the frontal pore, situated in the 
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Soldier showing Frontal Pore. 

After Bugnion. 


anterior region of the head (Fig. 288). 

The possessors of this t5^e of defensive 
capacity have as a rule small or vesti- p 

gial mandibles, or the latter are ill- h' ’ , " 

adapted for their usual function. In f 

Coptotermes, a profuse white secretion is h 

produced by an extensive gland occupy / “ 

ing the greater part of the thoracic ana ft ' 
abdominal cavities (Fig. 289). According I’" *« 

to Holmpen a similar capacious gland is 'I' fTV 

present in Rhinotertnes taurus. In th< I 

nasute soldiers of Eutermes (Fig. 287) an( F 

other genera, the repellent secretion is l|vt / 

the product of a retort-shaped glandula- < Ij*® ^ 

sac, situated in the head. A clear thicl wf J^jt * 

liquid is ejected through its duct whicl JMW 

traverses the rostrum and opens at the 

apex of the latter. The soldiers of 

Eutermes, notwithstanding their small zBg—CortoiBKMMs ctrioKioc, 

size, are usually not lacking in courage. ® 

When the nest is injured in any way, i, trontaipor.; 2, 3, frontal giand; 4, bw 
they issue through the broken parts in gf' 

large numbers, and stand on guard while g><<«>>oa; ». mentum; », labmm. Aft 
the workers are busily oigaged in execut- 

ing repairs. Globules of secretion may often be seen at the apex of th 
nmtrum of the soldiers and this protective fluid appears to have a ver; 
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salutaiy elfect Upon any enemies. Haviland (1898) observed that the sot- 
diets may be se«o to eject a small quantity of the fluid on the antennae of 
their foes : ants, he remarks, are rendered hors de combat by this means. In 
I triodiee Hill mentions that the secretion is ejected as a ^e jet which has 
the appearance of a silken thread waving from the tip of the rostrum. 


The Habitations of Termites 


The simplest kind of termite habitation is found in the wood>feeding 


species, which usually lack the 
worker caste, and include the 
most primitive members of the 
order. Archotermopsts and Ter- 
mopsis, for example, live in moist 
deca3nng trunks and logs of coni- 
fers. Tbe abodes of such termites 
consist of nothing more than a 
senes of galleries, excavated in 
the wood, without any external 
manifestation of their presence 
(Fig. 290). Other genera sucdi as 
Mastoiermes, Caloiermes, Neotermes 
and Cryptotermes include species 
which bore into dry wood, often 
selectmg posts and other struc- 
tures, or furniture in buildings, as 
the seat of their habitations. 
Caloiermes mthlaris and C. greent 
are destructive to tea in Ceylon 
where they burrow in the stems 
of the bushes. Rhtnolermes, 
Leucotermes {Reticulotermes) and 
Copioiermes live in the ground 
and infest wood indirectly through 
the soil. They are exceedingly 
mjurious to any woodwork of 
buildings in contact with the 
ground. They also frequently 
issue above ground in order to 
obtain access to woodwork in 
their vicinity. With this object 
in view they construct covered 
passage-ways of earth, or faecal 
matter, which enable them to 
work concealed from the light 



«md from sundry enemies and, at *<>««. x 4. 
the same time, surrounded by the 

requisite humidity. They are able, by means of these tubular communi- 
cations, to pass from their underground chambers and reach the upper 
storeys of buildings or ascend lofty trees. 

In other cases very extensive structures known as termitaria (Figs. 
291* 292) are constructed, particularly by the African and Australian 
species of the Tennitidse. These tennite mounds are built of earth 



sSo 

excavated in making subterraaeWl 



and passages, and the royal cells of these '‘ore composM'*^ 

earth particles cemented together to form a hand hntck'Zijb? subsu ™ 
The agglutinating fluid appears to consist either of sahva, or of the latte 
together with proctodaeal matter. The inner galleries, where the brood 
is contained, are of a softer consistency, and are composed of woody 
or other comminuted material which has passed through the ah'mentary 
canal. Some of the most remarkable of all termitaria are the lofty 



steeple-like structures constructed by Eutermes triodia in Northern 
Australia. They are stated to exceed in size those of any knovin ter- 
inite, and one recorded by Hill measured 20 feet high with a basal 
diameter of 12 feet. The greater bulk of the earth and sand used in thdur 
formation is collected on the surface, and not mined from below. The 
interior of such a termitarium presents a maze of irregular chamber 
! and passages, and its walls are so resistant that it is difficult to make any 
impression upra them even with a sharp pick. The " riimpaBe ’• w “ in«i* 
” termite [Hamitermes meridionalis) is widely distributed in Aut* 




end*; nortli an4 iotttli. It !ia» hmi 
suggested that the reason feu: their 
being built according to this plan is in 
Older to secure the maximum of desic- 
cation, and to allow for the repairs, 
which are made durmg the wet season, 
being dned and hardened as speedily 
as possible 

Other species of termites live in the 
giound, without constructing termi- 
taria above the suiface, or only form- 
ing small mound-like structures (Fig 
zq^). Many termites which exhibit 
this habit are exceedmgly mjunous to 
the roots of grass, field crops, and 
other vegetation Although the type 
of habitation may be very constant 
for a particular genus or species, in 
other cases considerable variation ob- 
tains Odontotermes, for example, in- 
cludes both mound builders and sub- 
ten ancan forms, and the two habits 
may be exhibited m the same species as 
in the common Indian ternute 0 obesus 
Certam species of Euiernm construct gigantic termitana of the type already 
referred to, while othcis foim aiboieal habitations often more or less spheri- 



Fig 292 — Large Terhitarivh 

BUTMUSt TaiODtdt, Austraiia. 

After HtU Proc Unn Soc NSW, 19x5 
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oal in form. The material used in constructing the latter appears to h« 
conunmuted wood, and the nest is composed of an outer envelope 
a comb-like mass of internal diambers. Such habitations bear a supet* 
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fldal resemblance to the carton nests of arboreal Ve^idae.^ In many cases 
th^ are connected by means of covered passage-ways with subterranean 
abodes. 

The r 61 e of subterranean termites has be^ compared by Drummond 
(" Tropical Africa ’’) with that of earthworms. By means of their under- 
ground activities they keep the soil m constant circulation, rendering ^ 
permeable to air and moisture Also the faecal matter of these insects 
serves to enrich the soil very much after the mamner of the “ casts " of 
earthworms In many parts of the tropics there is scarcely a cubic yard 
of soil that IS free from the burrows of these msects, and the number of 
individuals of the latter present defies all calculation. 


The Termite Community and its Biology 

The vaiious castes which make up a termite community have already 
been desciibed. In a typical colony of any of the higher termites thei^fe of 



Fto. 394.— Section of Royal Cell wtih Queen of TtuiM THAirsrAAitMis, x On the 
RIGHT Chambers with Fungus Gardens. 

4 ft$r Sjostedt. 

the community is dominated by the royal pair which consist of a dealated 
male and female. They are confined to a special royal cell which is usually 
deeply hidden m the recesses of the termitatium. The royal couple r emain 
monogamous ; the queen attains relatively enormous dimflusinTis (Fig 294) 
and she is fertilized at intervals by the king. Among the most primi- 
tive termites there may be a number of these royal forms present : they 
axe not necessarily located in permanent cells, and the queens do not exhibit 
^e same great increase in bulk. It was formerly beheved that if the 
original queen were destroyed the community would ultimatdy ^e out. 
This condusion has been dispelled by the discovery of the brachypterous 
aod apterous reproductive castes. Either one or both of the latter may 
hp represented among the offspring of the original royal couple^ and they 
awtntually develop into new roydties which continue the population d 
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the colony in cases of necessity. They are, moreover, polygamous, several 
kings being associated a number of queens. Since it is evident that 
individuals represaiting two or three reproductive castes may coexist in 
the same commtmity, the question arises as to the conditions under 
which these several castes may become functional. The macropterous 
forms, as will be referred to later, take to the wing and leave the habitation. 
There is no conclusive evidence, however, that the brachypterous or apterous 
leproductive castes regularly leave the colony to found new societies of 
their own and, in the presence of the original queen, they appear superfluous. 
It has been previously mentioned that Grassi and Sandias regard them as 
neoteinic forms, which are held in reserve so as to be brought into repro- 
ductive activity when occasion demands : Fritz Miiller (1873) compared 
them with the cleistogamic flowers of certain plants. It has already been 
pointed out that the evidence for considering these two castes as being 
composed of neoteinic forms is not established, and that they are to be 
regarded as true adults. If the latter contention be correct, there appears 
to be nothing to prevent them from reproducing on their own account 
even when the origmal royal couple is present. It is, therefore, reasonable 
to conclude that they perform the double function of extending the colony, 
or of founding separate branch colonics, while the origmal queen is still 
functional, and of replacing the latter when her normal period of life expires, 
or she is destroyed by some fortuitous occurrence. It is not clear, how- 
ever, why members of brachypterous and, more rarely, the apterous repro- 
ductive castes, should be present in such numerical strength as they are 
frequently met with. It seems probable that, owing to their lower fecundity, 
as compared with the original queen, a considerable number of such forms 
is necessary in order to maintain the colony up to its normal population. 
Once the original queen has died out it is believed that the macropterous 
caste can no longer be produced, and consequently colonies headed by 
brachypterous or apterous royalties are accounted for. Grassi and Sandias, 
for example, mention colonies of Leucotermes htcifugus in Sicily which were 
entirely maintained by brachypterous queens. 

It will be convenient at this stage to consider the habits of the macrop- 
terous caste. So long as the original queen is in functional activity indi- 
viduals of the former caste are produced. At certain times, var5dng with 
geographical location and season, the fully winged forms are brought 
forth in large numbers as annual occurrences. These individuals become 
impelled to leave the parental colony by some unknown instinct and, 
when the critical hour arrives, they depart on their colonizing flight and 
are said to be “ swarming.” Atmospheric conditions are an important 
factor influencing the actu^ time of issue ; thus, in the more arid regions, 
the flight takes place during the rainy season, or after casual showors, when 
the moisture content of the atmosphere is favourable. Prior to the fli^t, 
the workers make exit holes when necessary in the walls of the termitarium, 
and numerous members of this caste, along with soldiers, congregate around 
and often just outside these apertures while swarming is in progress. The 
latter may be either diurnal or nocturnal according to the species, those 
that swarm by night being strongly attracted to lights. Termites are 
weak fliers and, unless aided by the wind, these swarms do not travel any 
great distance. They have for their object the perpetuation and further 
diffusion of the species which is enabled, in this manner, to found new 
colonies away from the immediate proximity of the old. As a rule a number 
of colonics of a species swarm about the same time : the members of a 
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iQdt«r tt intercross with those of naghbourmg swanns. wpwwtttttMMlmg 
ifte vast numbers of termites composing these swaims, enormous mortahtv 
occurs during and after the flight, very few individuals surviving to fulfil 
their destiny : birds, lizards and small mammals devour the greater number, 
Ihe survivors sooner or later alight or fall on the ground and cast their 
wings. The loss of these organs is clearly an advantage to the race, since 
they have served their function and their retention would prove a useless 
encumbrance. The sexes segregate into pairs and after an interval of 
courtship mating takes place. The latter may occur either before (Fuller, 
X9Z5) or after dealation : in Leucoiermes ftavipes it is not fulfilled, according 
to Snyder, imtil about one week after swarming. Both sexes par- 
ticipate in the early operations of forming a habitation which consist in 
the excavation of a small burrow or gallery, termed the nuptial chamber. 
The first-laid eggs are few in number, and are tended by the yoimg barent 
royalties. Most of the early broods develop into workers, the lattes caste 
being the most necessary for the building up of the incipient colony. In 
Leucotermes lucifugus Fe5rtaud states that the first workers become func- 
tional about seven months after the sw'arming, and that no soldiery are 
present in the initial broods. The newly hatched n3mphs are fed by their 
parents on prepared food and the wood-feeding species, for example, do 
not resort to a Ugneous diet until later in their development. As the growth 
of the colony proceeds, and more eggs are produced, the duty of tending 
the brood is assumed by the workers, who also enlarge the habitation and 
generally make provision for the growing community. During the first 
season members of the reproductive castes are usually not produced. The 
queen gradually grows in size, and is subjected to constant care and feeding 
by the workers. She no longer partakes of her original ligneous or other 
food, but receives a prepared diet from the workers : mastication becomes 
no longer necessary and the jaw muscles degenerate. With her increase 
in size, there is a corresponding increase in the number of eggs produced. 
In established colonies of the higher termites the queens are capable of 
laying some millions of eggs apiece during their lifetime. Thus Fuller 
observed that a queen of Tertnes hadius is capable of lajdng 4,000 eggs in 
24 hours. From a dissection of a queen of T. redemanni Bugnion esti- 
mated that the two ovaries contained 48,000 eggs at the time of examina- 
tion. Under more or less uniform tropical conditions a single queen is 
probably capable of producing, at her period of maximum fecundity, at 
least a million eggs in the year. Much higher estimates are given by some 
authorities but ^e figures need confirmation. The duration of life for 
the queen is extremely difficult to estimate, but probably six to nine years 
is an approximately accurate statement. 

The food of termites consists primarily of wood and other vegetable 
tissue. These insects also consume proctodaeal mattCT ejected by their 
fellows and, by this means, the yoimger nymphs of the wood-feeding species 
first become infected with Protozoa derived from the faeces of the older 
Wpoibers of the community. Exuviae and the bodies of dead termites 
lure also devoured. The nymphs at first only receive saliva ; later on they 
are fed with stomodaeal or {Hoctodaeal food until they are able to eat the 
Staple v^etable diet. 

^ the habit of foraging outside the nest occurs among various spedes oi 
nHRmtidae,aaditisalsoformdin£(Mfo^mesamongtheCalotermitid». The 
fifkers and soldiers of ^>ecies of this genus possess well developed, doni’ 
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dayllai^, ne^ for tiie purpose of coBecti^ 

^ass, iweiSes, etc., are cut mto short lengths, and carded to 
the Qi^h of the burrow. Here the material is either ta^en directly withhi, • 
or allowed to accumulate to form a moUnd whose contents are subsequently 
removed into the nest. Among certain Termitidae the foraging hab^.; 
of Termes latericus and EtUermes t/nnervius in-S. Africa are described li^; . 
Fuller (1915) • In the former species there are special cells or granaries , 
within the nest, and lengths of green grass, together with large quantities 
of seeds are collected. E. triodia, in Australia, stores dried grass in cham- 
bers which are situated in the waUs of the termitarium from the ground 
to the summit. Bugnion (1914) describes the habits of the “black ter- 
mite ” {E. monoceros) of Cqrlon. Long dense files of workers of this species 
set out about sunset, with the soldiers aligned up on guard on either side 
of the procession. The object of these expeditions is to gather fragments 
of lichens which serve to nourish the young. Having found a suitab^ 
tree, they remain the whole night gathering provender, and return the ' 
following morning. Bugnion calculated, by means of photographs, that 
there are, on an average, 1,000 termites to each metre of the moving colunm 
and, if the army marched out for five hours, 
moving at the rate of a metre per minute, 
about 300,000 termites would be involved in 
the procession. 

The habitations of many of the higher 
termites, particularly species of the genus 
Termes and its allies, contain what are com- 
monly termed " fungus gardens." These beds 
are compo^d of a spongy dark reddish-brown 
coral-like “ comb ” which is constructed by 
the workers of comminuted vegetable matter 
forming the excreta (Figs. 293-295). The 
chambers containing the fungus gardens are 
located near the centre of the nest, often in 
close proximity to the royal cell, or in communication with the latter. ' 
Fungal h5q)hae grow upon the substratum formed by the comb and pitn 
duce small white “ spheres ” which form the nutriment of the royal pair 
and young nymphs. The fungal chambers also serve as nurseries for tlie 
eggs and young brood ; Bugnion (1914) states that in species observed by 
him in Ceylon the young nymphs may be observed grazing on the fun|^ 
bed| after the manner of miniature dieep ! 

According to Fetch the " spheres "produced by the fungi are composed of bram^biag- 
hyphee bearing either spherical or oval cells. The oval cells germinate readily, ' 
it has not been possible to reproduce the original " spheres ” from them. On a norttAl , 
comb just removed from the nest the only fungi evident are the " spheres " and thetFi; 
mycelia. If the comb be placed beneath a bell-jar a Xylaria regularly grows from::it'' 
in about two days : it also grows from deserted combs after rain. When the combs 
are getting old, and falling out of use, an agaracine fungus devdops upon thmaiV 
various names have been assigned to it and it is regarded by Fetch as a species 
Fofosria. It has not been possible to germinate the spores of the lattm* or proii^v 
ej^erimentaUy that the " spheres " are a phase in the growth of the Yolvana. Otl^> 
also devcdop upon the comb when the latter is rmnoved from tlw influenoel ii^.; 

tKamaites, and it is beUevnl that these insects weed out such exttaneous fnn^udkial'! 
in the nest. There is a considerable literature on the fungus-growing 
tormites and the readmr is referred to the works of Fetch (1906) ang 
(1909) for mesa .detailed inionnation. 



Fro. 295. — Fungus Bbd os 
ODoyroiMiutM, India : the 

SMALL WHITE EUNOAL 
SPHERES ARE SEEN GROWINO 
ON THE SUBSTRATUM. X S. 
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jp addition to the nonnsl occupants of a tcraiite Ii^bitatioi}| there is 
also a veiy extensive termitophilous fauna cotsi^ of various insects, 
and other arthropods, which are represented m almost eveiy commumiy 
by one or more species. The relations between these guwts and thcir 
hosts are. so far as is known, veiy similar to^ose de^nb^ later on 
between myrmecophilous species and ants.^ The termitophilous forms 
similarly include true guests or symphiles, indifferently tolerated guests 
or synoeketes, and synechthrans which are scavengers or predators. The 
largest number of termitophilous insects belong to the Coleoptera. The 
Carabid® are principally represented by the larvae of Orthogonius : the 
Staphylinidae include such genera as Coroioca, Spirachtha, Tennitobta, 
Tertnitomitnus, Doryloxenus, etc., while the Pselaphidae, Scarabaeida;, 
Tenebrionidaj and other families have sundry representatives. Among 
the Diptera are certain remarkable Phoridae including Termitoxenia, Ter- 
mitotnyta and Ptochomyia : included in this same order are the equally 
remarkable Psychodid Termitomastus, and several genera of larval An- 
thomyidae The Thysanura include a large number of termitophilous 
forms, there are also a few Collembola of similar habits, several larval 
Tineids and, among the Hemiptera, the anomalous genus Termitaphts. 
In awidition to insects the list includes Acarina, Diplopoda and Chilopoda 
The literature on termitophilous arthropods is extensive auid is principally 
comprised in numerous papers by Wasmann (1894 onwards) and Silvestri 
(1903, 1905, 1914-1920). Termite mounds also afford shelter to lizards, 
snakes and scorpions, while certain birds are even known to nest in them. 

It is noteworthy that more than one species of termite may inhabit 
the same habitation and that a kind of social symbiosis exists in conse- 
quence. Thus Anoplotermes, which has no soldiers, is usually associated 
with species of other genera. In S. America five species of termites, belong- 
ing to as many different genera, are recorded by Holmgren as sharing a 
habitation of Termes dtrus, while no less than eight different species are 
mentioned by Escherich as hving amicably with Termes chaquimayensts. 
Certain members of the genus Eutermes particularly exhibit this habit of 
guest species. Termites and ants have often been recorded as inhabiting 
the same log, or other object, where they may occupy contiguous galleries 
or even intermingle. Under ordinary circumstances the relations between 
the two kinds of insects are friendly, unless the nest be disturbed, when 
the ants soon attack and carry off the termites. 

Origin of Polymorphism 

The origin of caste in termites has been productive of much discus- 
sion, while the problem as to how the characters* of the sterile soldiers 
and workers seeme representation in the germ cells of the species has 
been an outstanding difficulty to students of heredity. The theories which 
attempt to accoimt for the origin of caste in these insects may be briefly 
summarized under two headings, viz. theories of extrinsic and intrinsic 
causes. 

I. The Theory of Extrinsic Causes. — ^The principal upholders of this 
theory are Grassi and Sandias (1897). These observers believe that 
nutrition and method of feeding are of paramotmt importance. In the 
termites studied by them the newly hatched nymphs are externally alike 
but, when they attain a length of 2 mm. or over, they become separable 
into large and small headed forms. The large head^ forms devdop into 
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soldiers aidt i» iMieatemes, iato workers also : the small headed forms 
develop into the macropterous caste or, as in Caldermes, the head may 
increase in size and such individuals develop into workers. Gras» and 
Sandias conclude that the development into soldiers and workers, on the 
one hand, and into macropterous forms on the other, is due to the relative 
amounts of salivary food received from the nymphs which feed them 
during the early phase of development. Young destined to produce 
macropterous forms continue to be fed with saliva for a much longer period 
than those which will ultimately develop into soldiers and workers. Grass! 
and Sandias maintain that the early appearance of intestinal Protozoa, 
and their constant presence in great abundance in the two latter castes, 
are associated with the smaller amount of saliva received. It is also implied 
by them that the Protozoa exercise an inhibitory effect upon the develop- 
ment of the gonads. They further maintain that, by means of selective 
feeding, nymphs already far advanced towards becoming macropterous 
adults can be diverted, as it were, and develop into soldiers. Others 
may be converted into ncoteinic forms and thus assmne a precocious 
sexual maturity. 

Among other biologists Silvestri (1902, 1903) maintains that food is 
the determining factor in caste production but acts indirectly since the 
germ plasm is also involved. Desneux (1904) believes that the cause of 
the differentiation of the young n3nnphs is the particular diet which they 
receive. Escherich (1909) believes that food is of paramount importance 
in caste differentiation but he assumes, with Weismarm, that it does not 
exert a direct influence but provides the stimulus which releases, as it were, 
the potentialities of the different castes, these potentialities being present 
in the egg cells. Holmgren (1909) seeks to explain polymorphism on the 
basis of his exudation theory. According to him the newly hatched nymphs 
are alike in appearance but from the commencement some may receive 
a little more food and produce rather more exudation than others. These 
latter nymphs are consequently more frequently licked and attended by 
the workers and finally develop into sexual forms. Those nymphs which 
produce less exudation, and receive at first less food, are subjected to 
less care from the workers and develop into the sterile castes. Holmgren’s 
theory, however, has received little support and the existence of exudatoiy 
tissue has no direct influence on caste production. 

Iniestinal Protozoa and their Significance. Living within the hind-intestine of many 
termites is an abundant Protozoan fauna. If a small drop of the brown turbid 
contents of the gut be examined by the microscope, it is seen to be composed almost 
entirely of vast numbers of Protozoa, actively traversmg the field of vision in all 
directions. They consist principally of Flagellates, belongmg more especially to the 
peculiar order Hypermastigina (Trichonymphidea), which is almost exclusively 
confined to the Isoptera. These Protozoa were first observed in termites by Lespes 
in 1856, and since that time many genera and species have been discovered (vide 
Imms, 19x9). The inter-relationships of these organisms with their hosts have given 
rise to much discussion. Several authorities regard them as beii^ parasites ; thus 
Grassi and Sandias, in their studies on Italian termites, maintain tiiat the relative 
abundance of the Flrotozoa is in inverse proportion to the degree of development of 
the gonads of the hosts. According to these observers Protozoa abound in the hind- 
gut of the soldiers and workers (with aborted gonads), but are rare or totally absent 
lu l^e reproductive castes. Accordmg to BruncUi (1905) in queens of Calotermes 
^avicoUis and Leucotermes lucifugus, infested with Iftotozoa, there is a correlated 
destruction of the ooc3rtes — a kind of indirect " castration parasitaue " : this conclu- 
Sion, howevef, is disputed by Feytaud (1912). The researches of Bugnion, the present 
and others do not support the views of Grassi and Sandias. It is found that the 
P***aoce of Ftotozoa is correlate with a ligneous diet on the part of their hosts. The 
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dist provraad by tbe workeni or <daet' nyo^ifaa. In tbb acdmdM «aA yMilmbke 
fonw of Arehi^emopsis which potNKts fuHy developed gonads, a rich l^tQtoshaa'iihuQa 
jk always present in the hind-intestine. Feytand also mentions having found abundant 
Protozoa m the macropterous caste of L. lucifugus nearing sexual maturity, and they 
ate also frequent m the same caste of Archotermopsis. There does not appear, there 
fore, to be any correlation between the presence of Protozoa and the condition of toe 
sexual organs. Buscalioni and Comes (1910) regard the Protozoa as being symbionts 
rather than parasites. By their action in breaking down ligneous matter the Protozoa 


provide nutntive material capable of absorption by their hosts. Certain species, 
Mwever (those of Dtnenympha for exanwle), attach themselves to the walls of the 
intestine and are probably parasitic. The symbiotic theory has received strong 
support from the recent expenmental observations by Cleveland (1924-28), who 
showed that termites are incapable of digesting cellulose without the intervention 
of Protozoa (vide also p. 112). It is further evident that speaes of termites which 
feed on wood harbour these microdrganisms in their digestive canal. Most of toe 
higher termites, forming the family Termitidse, appear to be devoid of Protozoa 
and, in many cases, they feed upon fungi or humus The Protozoan fauna of ter- 
mites has been investigated from the cytological standpoint by many workm. The 
most recent study is by Sutherland (Quart, foum. Micros. Set. 76, 1933) and r^erences 
to the literature on the subject will be found in this paper. 


The Theory of Intrinsic Causes.— Bugnion (1912A and 1913) atoears 
to be the first modem observer to bring forward evidence suggesting' that 
caste differentiation occurs during embryonic life and is independent of 
the effects of any dietary regime. He ascertained that the nasute soldier 
of Eutermes lacustris is already clearly separable from n3miphs of other 
castes at the time it issues from the egg, the distinguishing features being 
the presence of a frontal process and a relatively large frontal gland 
lliompson (1917) found that in Leucotermes fiavipes, and (1919) in a number 
of other termites the newly hatched young, although externally all alike, 
are differentiated by internal characters into two t5^es, («) Reproduc- 
tive castes with large brain, large sexual organs and usually a dense opaque 
body: and ip) sterile castes with small brain, small sexual organs and 
usually a clear transparent body. In L. flavipes the n}anphs of the 
reproductive castes, on attaining a length of i •3-1-4 mm. become further 
differentiated into two kinds which eventually give rise to the macrop- 
terous and brachypterous forms respectively. The ontogeny of nymphs 
which develop into the apterous reproductive caste has not been followed. 
The nymphs of the sterile castes become separable into future soldiers 
and workers at a later stage in their ontogeny, i.e. : when the body-length 
reaches 3-75 mm. 

In the light of the foregoing remarks there is no conclusive evidence 
tiiat any particular kind of nutrition, or the absence thereof, is capable 
producing such fundamental changes as are involved in caste differen- 
iiation. It has also been mentioned on an earlier~page that an abortive 
cmidition of the sexual organs is not an invariable attribute of the soldier 
nnd ttot caste production is not in any way related to the presence of 
intestinal Protozoa. It is evident also that too much stress has been laid 
lOn the apparent similarity of the young of almost all termites when newly 
•KBoerged from the ^g. This fact has given rise to the belief that caste 
ii^erentiation takes place during post-embryonic growth when its presence 
first becomes obvious. It is necessary, therefore, to look to some intrinsic 
nanse or causes to account for the phenomenon. In seeking to explain 

S 3nnorphism by means of intrinsic factors the question arises as to vdiether 
I cytology and development of the germ cells would yield importaitt 
dence but. up to the present, this field remains unexfdored. TM 
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of the matetion theacy. ie» ; that the castes afe seetmdary and have arisen 
as inheritahle variations of some stage in the ontogeny of the macroj>« 
lerous lonn, or original winged imago (vide Imms, 1919, Thompson and 
Snyder, 1919, Snyder, 1920). It is possible that the beginning of poly- 
morphism in termites was the occurrence of dimorphic males and females 
—one form being apterous and the other being represented by ordinary 
macropterous in^viduals. Later in evolution the apterous forms tended 
toward increased head development and they ultimately became differen- 
tiated into soldiers and workers. These apterous individuals gradually lost 
their capacity to reproduce, d^eneration of the sexual organs resulted and 
the secondary sexual characters likewise gradually atrophied. This com- 
bined process went on imtil, in the higher termites, all external indications 
of sex became lost. Once the individuals of a caste became sterile theif 
racial persistence, on this theory, would not necessarily cease. If it be 
assumed that the fertile individuals are heterozygous for caste, both soldiers 
and workers will appear in each successive generation by the recombination 
of the respective genes that are involved. 

At the present time there is very little exact information available 
with regard to the constitution of the progeny of the three reproductive 
castes. So far as is known the queens of the macropterous form are the 
parents of all the remaining castes According to Snyder (1920), both 
field observations and breeding experiments seem to indicate that the 
brach3q)terous and possibly the apterous forms produce, in addition to 
soldiers and workers, their own fertile t3q)es and never the macropterous 
form. 

The theory of intrinsic causes has been called into question by Jucci 
(1924) and by Heath (1927). In Termopsts Heath was unable to drover 
any external evidences of caste differentiation either among newly hatched 
individuals or in any growth stages up to a late instar. Jucci’s experiments 
are concerned with the influence of nutrition on caste production and he 
supports the theory that it is of paramount importance in this respect. 
In the present state of knowledge the evidence for both the extrinsic and 
intrinsic theories is still very inconclusive and there is an evident need 
for crucial experimental tests. 


Metamorphosis 

It has been pointed out that the newly hatched njunphs, although 
apparently dl alike, are already differentiated by intemd diaracters into 
productive and worker-soldier t]^)^. At a later stage in development 
they become separable into their individual castes. In the case of the 
workers there is very little external change of any description during 
postembryonic growth, and they are consequently ametabolous. In both 
the nuuuhbulate and nasute castes of soldiers metamorphosis is indicated 
by very considerable external and internal changes, which more particularly 
aHect the head and mandibles. The macropterous reproductive caste 
exhibits the usual hemimetabolous growth which is also presmt, although 
to a much lesser degree, in the bra^jrpterous caste. The apterous repro- 
ductive caste passes throu^ no changes sufficiently marked to be regarded 
*1 metamorphosis. 
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Development is slow, particularly in the reproductive members of the 
community whose period of growth may occupy two years (Snyder) . Accord 
ing to Heath (1927), m Termop^ts, the soldiers become adult from thi 
fifth or sixth mstar, but in old colonies this condition becomes progrcssivelv 
delayed and may not be attained until the ninth inslar The winged 
adults, on the other hand, are mvariably in the eighth mstar. Pnor lo 
the last ecdysis, anal styli are present in both sexes, irrespective of their 
caste, but after the final moult these organs are usually lost in the females 
of the reproductive forms. 

In their development termites pass through resting or quiescent phasi s 
dunng ecdysis (Snyder, 1913) These phases are to be regarded as pro- 
longations of the penods of inactivity which accompany each ordmaiy 
moult Such a resting condition is most evident (i) during the ecdysis 
when appaiently undifferentiated nymphs transform mto those of the 

soldier type ^nd (2) 
dm mg the final ecdysis 
winch is followed by 
the adult mstar. The 
quiescent condition is 
more strongly pro- 
nounced m some genera 
than others and, where 
this phase is very much 
in evidence, the msect 
lies upon Its side, with 
the head flexed upon 
the ventral aspect of 
the thorax, while the 
limbs and other parts 
remain immobile The 
transition between an 
insect in this condition 
during its final ecdysis, 
and a pupa of the 
Neuroptera, for 
example, is a comparatively slight one, and the diffeicnccs are mainly 
those of degree The qui scent phase m termites evidently fulfils the 
same functions as a pupa, since all the more important changes, both 
external and internal, occur while it lasts. Its duration vanes from a 
few hours up to several da)^, the shorter period being prevalent in cases 
where the restmg phase is only shghtly pronounced The ontogeny of ter- 
mites, therefore, affords to some extent a connectmg Imk betweoi the 
hemimetabolous and holometabolous types of development. 



Classification 

Among recent systems of classification those of Desneux (1904 
Silvestri (1909) and Holmgren (1911) are notable. That of the firs 
mentioned authonty comprises three sub-families -the Mastotermitina 
Calotermitinae and Termitinae which together constitute the single famil; 
Termitidae. In the classification of Silvestri the Mastotermitina ar 
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elevated to iainily rank ivhile Desnenx' second and third sob-femiUes 
are iinit^ to form the family Termitidse. Banks and Snyder divide the 
tt rmites into three families as enumerated below. For a general textbook 
on the order vide Hcgh (1922). 

A. Tarsi 5-jointed in aU castes : hind-wings with a well developed 
anal lobe. 

FAM. I* MASTOTERMlTIDiS. — Includes the single genus Masiotermes from 
northern Australia (Fig.. 296)* 

B. Tarsi 4-jointed, or rarely imperfectly 5-jointed, in all castes ; hind* 
mngs without an anal lobe. 

FAM. II. GALOTERMITIDiE. — fontani:lle absent in all castes, clypeus 

WITHOUT median LINE. RADIUS BRANCHED. SOLDIERS USUALLY WITH COMPOUND 
7 VES AND THE MANDIBLES WITH A DENTATE INNER BORDER. Representative genera : 
Afchotevmopsis (Desn.), Termopsis Heer, Ilodotermopsts Holmg., Hodotermes Hag., 
( alotermes Hag. 

FAM. III. TERMITIDiE. — ^fontanelle presln r in all castes, clypeus with 

MF.DIAN LINE. RADIUS UNBRANCHED. SOLDIERS ALMOST ALWAYS DEVOID OF COMPOUND 
EYES AND THE MANDIBLES RARELY DENTATE ALONG INNER BORDER. Representative 
genera ; Leucoiermes Silv. (including Rettculotermes)^ Psammotermes Desn., Coptotermes 
Wasm., Termiiogcton (Desn.), Rhxnotermes Hag., Serntermes Wasm., Acanthotenms 
Sjost., Termes (L.) Holmg., Odontotermes Holmg., Microtermes Wasm., Armtiermes 
Wasm., Eutermei» Mull., Anoplotermes Mull., Hamttermes Silv., Mtrotermes (Silv.), 
Capntennes Wasm. 
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Order 8. EMBIOPTERA 


S OLITARY OR GREGARIOUS INSECTS LIVING IN SILKEN TUNNELS. MOUTH* 
PARTS ADAPTED FOR BITING, UGULA 4-LOBED TARSI 3-JOINTED J 
1st JOINT OF ANTERIOR PAIR GREATLY INFLATED. BOTH PAIRS OP 
WINGS alike: veins BUT UTTLE PRONOUNCED, R GREATLY THICKENED, 
remaining veins often reduced OR VESTIGIAL. CERCI 2-JOINTED, GENER* 
ally ASYMMETRICAL IN THE MALE. FEMALES APTEROUS AND LARVIFORM. 
metamorphosis gradual in the male, ABSENT IN THE FEMALE. 

The Embioptera are a small group of fragile msects with a soft thin 
cutide and weak powers of flight. All are sombre coloured, being either 
brown or yellowish brown, with smoky wmgs In 
their habits these insects generally avoid day- \ / 

hght, living beneath stones, or under bark, etc. 

The females are much more rarely met with than 
males, the latter not infrequently bemg attracted 
to a hght. Sexual dimorphism is a marked char- 
acteristic of the order, the males bemg wmged 




Fio 297 Emua Md/oa, Male. India. 
rn, (th tarfum, <|io, and left {iletet of loflt tetfumi I9, betel Joiai 
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Fig 298 Emma mmom 
FbmalBo 
From Imms, 19x3. 


and the females apterous (Figs. 297, 298). In several qiedes, notably E«»6ui 
(Mdandw, 1903), both winged and wingless males are presmt. 

The most striking feature in the biology of i^e Embioptera is their habit 
of coostmcting silken tunnels in which they live (vide Imms, 19x3). When 
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Fig. 299 Eiisn 
TEXAS A , Female 
IN Silken Tun- 
nel. 

After M dander, BuA 
1902 


disturbed in these retreats they are able to run backwards or forwards 
with equal aj?ility. Embta major is gregarious and upwards of twenty 
individuals may be found associated together. This species constructs a 
nest composed of a scries of superimposed silken tuimels communicating 
usually with one or two subterranean chambers (Fig 
299). In addition to forming a retreat, it is probable 
that these tunnels subserve other functions — ^they 
appear to be adapted for protection against predaceous 
insects which would become entangled in the threads 
should they attempt to enter them. Grass! and Sandias 
consider that they serve to protect the body from an 
excessive loss of moisture and to retain about the occu- 
pants an atmosphere not too dry. During the construc- 
tion of the tunnels the fore-legs are in constant detivity, 
crossing and recrossing one another repeatedly. The 
faculty of weaving the tunnels is possessed equtedly by 
both sexes and also by the n5nnphs. Newly iktched 
nymphs, when removed from the proximity of the parent 
female, were observed to weave fine tunnels on theV own 
account. The method of production of the silk has 
given rise to discussion. Cto the plantar surface of the 
1st and 2nd tarsal joints of the fore-legs are a number 
of hollow bristles which communicate, each by means 
of a fine duct, with a small glandular chamber. The 
chambers are situated on the lower area of the enlarged 
1st tarsal joint ; each is bounded by a smgle layer of 
epithehum which encloses a central space filled with a 
viscid secretion (Fig 300). In EmUa texana Melander estimates that 
about 75-80 chambers are present in the whole joint. Since a fine thread 
is emitted from each bristle a number are available simultaneously, which 
accounts for the 
rapidity with 
which these in- 
sects weave 
their tunnels 
(Mela n der, 

1903: Rimsky- 
K o rsakow, 

1905). Ender- 
lein (1912), 
however, dis- 
putes this ex- 
planation of 
silk production 
and maintains 
that the glossae 
function as a 
spiimeret which 
receives the ducts of ginning glands. 

Very little information exists with reference to the feeding habits of these 
insects. Both sexes of Embia have been reared from the egg upon vegetable 
, f^« but it is likely that the males are normally more or less carnivorous, 
and. their mandibles differ markedly in form Lorn those of the opposatesex. 
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Emeu tmxana. Section of Portion of ist Tarsal Joint. 
Showing Silk Glands 

a, spinning bristle ; b, duct of silk gland , c, d, ampullie at bases of ducts. After Melander 
Dtol, Bull, xpoa. 



EXTERNAL ANATOMY j agS 


The eggs are dongate'Cylmdrical with a consjacuous opofctiliim at one 
pole. They are laid in small groups along the course of the silken tunnels 
of the nests, and the females exhibit parental care for their offspring after 
the manner so well known in Dermaptera. 

Embioptera are tropicopolitan but extend their range into the warmer 
temperate zones. They occur in all zoo-geographical regions including 
Australia, and species are also found in Madagascar, New Zealand, Ceylon 
and various smaller islands. Three species, comprised in as many genera, 
are European and are found in countries bordering on the southern littoral 
of that continent. It is noteworthy that Oligotoma Mtchceli MacLach. 
has been found in a London orchid house where it had become temporarily 
established. 0 . Saunderst WestW. is stated to be so abundant on Ascension 
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I. as to become injurious. 

External Anatomy. — The head in the Embioptera is always rather 
small and projects in a line with the body : the epicranial suture is wanting 
and there are no ocelli. The compound eyes are reniform in the males 
and rather smaller in the 
females. The antennae are 
hliform, shorter than the 

body, and composed of 15- C sM® ^ 

32 joints. ^ - 

The mouth-parts (lug. ^ 

301) are t5T}ically Orthop- 

teran in character: both aW \ 

the labrum and clypeus are W j cw D 4 ^..'''''^'^ " 
well developed, and the 
mandibles differ consider- ^ u 
^ly in the two sexes. 

Tliose of the male are much if Ji X / 9 

moie slender and have fewer / w It 1 ^ / L 

teeth than in the female. ^ \ \j \ i /{J 

The maxillary palpi are 5- ^ j ^4:4 \ ^ 

jointed, the galea is mem- B ^ ^ ' 

branous and the lacmia Fig 30! huBn majom, 

chltinized and provided with a Wt mandible of fcmalf B, do ol male C, rnsht maailta, < 

.. ..f nTxl/.ol -foA+Vi ■Rnf-Vi caido. Alipes, to, laiima, ga, calia D, labium (ventral), g, pan 

CL pSLir 01 StplCa.! tcctn. i 30 ln giossa , l, glo^^sa , PB$ prtmentum, ms, postinmtutr 

cardines and stipites are well * ’ . ^ ia i. 

developed. In the labium the ligula consists of a pair of rather fleshy 
paraglossse and, between the latter, lie the very small pointed glossae : 
the labial palpi are 3-jointed. The hypopharynx is large and its dorsal 
surface is covered with minute pectinate scales. 

The prothorax is narrower than the head, and a deep transverse 
cuts off the anterior portion of the pronotum from the remainder. The 
meso- and meta thorax are sub-equal in size and broader than long m the 
male, but elongate and narrower in the female. The fore-legs are stout, 
the middle pair are reduced in size, and the hind pair resemble tho^ 01 
leaping insects owing to their swollen femora. The tarsi are always 
jointed : the first joint of the anterior pair is inflated at all stages of hfc 


Fig 30! hMHiA major, 

A left mandible of female B, do of male C, riRht maxilla, c 
cardo , Mipes , la, laiima , ga, galea D, labium (ventral), g, para 
giossa, 1, giossa, /’g, palpigcr , wi, prtmentum, mz, postinentuK 


and in both sexes. ^ j 

The two pairs of wings (Fig. 302) are almost identical m size and shape and 
only differ in unimportant details with regard to the vonation—a similarit J 
which finds a parallel among the Isoptera. The wing membreme is stnokj 
in colour, with narrow' hyaline areas running in a longitudinal mannei 




pepireesi five priodpal veins, giving coe wmgs « vny ciuunetentnie il^wftr- 
•Qce. After the last ecdysis the nevrfy expanded vdngs axe clear and 
auhsequently assume the fuscous coloration, the hyaline areas remahiing 
n^o^ed. The stnface of the wings is clothed wi& mkrotrichia, toge^ei 
with macTotnchia distributed along and between the veins. The radial 
vein is always greatly thickened, thus serving to strengthen the anterior 
portion of the wing ; the remaining veins are for the most part weakly 
defined, exhibiting reduction and degeneration (Fig. 302). The venation 
is seen in its most generalized condition in Donaconethis, but even in this 
genus reduction is evident, as R« is only 3-branched and M is represented 
by a single fork. In the Oligotomidee the venation is greatly reduced and 
markedly degenerate : R«+# is represented “by a mere spur, M has practic- 
ally disappeared and Cu is 

Sc «< *• imbranched. Trac 

former more complet 
tion are evident as 
thickenings of 
membrane. 

The abdomen is ycom- 
posed of 10 evident terga: 
m the females, and the 
immature forms of both 
sexes, the loth tergum is 
entire but in the adult males 
It is divided into a pair of 
asymmetncal plates. One 
or both of these plates is 
drawn out into a homy pro- 
cess of variable form. In 
Chthoda (S. America) the 
loth tergum of the male is 
entire and symmetrical as 
in the female A pair of 
2-jomtcd cerci are present 
at the apex of the abdomen 
and, as a general rule, the 
left cercus m the male is 
modified basally and the pair 
IS asymmetrical in con- 
sequence. In Cloihoia, 
however, the cerd are un- 
modified, and these organs exhibit also only slight asymmetry in the 
Oligotomidee. Each cercus is borne upon a basal plate, and these plates 
axe universally present in the females and immature forms of both 
sexes. Among the males they have disappeared in certain of the more 
^ig^ecialized forms. Morphologically they are probably to be regarded as 
v^tiges of an izth segment. Ten sterna are present, although this num- 
ber is not alwa3rs evident and, in the Oligotomidse, ^e zst sternum in the 
female is largely aborted. In the immature forms of both sexes, and 
ti^ females, Ibe zoth sternum is divided into two symmetrical plates. 
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Qth (iNPrcnm is the sttbgeaital plate. 

lQ|0riwI Anatomy.-— The internal (urganization of tiie Embioptera 
needs fuller investigation as its pneral features are mainly known from 
fragmentary accounts by Grassi and Sandias (1897-98) and Melander 
(1903). It is evident, however, from the descriptions of these observesre 
that it is a generalized type. The alimentary canal is an almost straight 
tube from the mouth to the anus. The mouth leads into a small buccal 
cavity which is lined with backwardly directed denticles. This is succeeded 
by a narrow pharynx, and the remainder of the fore-intestine consists of 
a large dilated oesophagus and crop. The mid-intestine is a long tubular 
chamber which narrows somewhat posteriorly. The hind-intestine consists 
of a sightly coiled ileum, a very short colon and a dilated rectum, the latter 
being provided with six cu^on-hke rectal papillae. Malptghian tubes 
are variable in number ; in adult individuals there are about 20-24 
these organs. A pair of large salivary glands and reservoirs are present 
in the thoraix, and their ducts \mite anteriorly to form a common canad 
which opens on the floor of the mouth. The nervous 
system consists of a rather small supra-cesophagead t t 

ganglion, a sub-oesophageal ganglion, and a chain of * # 

three thoracic and seven abdominal gangha, which ¥ M 

are united throughout by double connectives : the ia |Hn||||S A 
visceral system is also well developed. The tracheal 
system communicates with the exterior by moans of 
ten pairs of spiracles which belong to the meso- aind 
meta-thorax, amd first eight abdominal segments re- 
spectively. The tracheae anastomose by longitudinal .jjjBPBpiig 
and transverse branches. The reproductive organs 
exhibit indications of a primitive segmental arrange- 
ment recalling that found in certain of the Thysanura. 

Each ovary consists of five (panoistic ?) ovarioles 

which open at intervals along the course of the ovi- ^ ^ 

duct: there is a short vagina which receives the 303 Bmttd 

aperture of a large spermatheca There are similarly hatcmed 

five testes on either side, which are disposed succes- From Immt, i^ij. 

sively along the course of the vas deferens. The 

latter tube dilates posteriorly to form a vesicula seminalis and ultimately 

unites with its fellow to form a common ejaculatory duct : two pairs Of 

accessory glands are also present. 

Post-embryonic Growth (Fig. 303). — Metamorphosis is wanting in 
the females and comparatively slight in the case of the males. The newly 
hatdied young of both sexes do not differ in any important characters 
from the female parent and, in individuals of the latter sex, the wh<^ 


postembryonic development is one of simple growth, imaccompanied 
by structural change. In the males, the nymphs do not differ from 
the newly hatched young until the appearance of the wing-buds, when 
the thorax also undergoes correlated changes. The characteristic asyia>- 
metry of the terminal abdominal segments is only assumed with the final 
eedysis. 

Oassifleation. — About 60 species of Embioptera have been described 
and these about 42 have been based upon an acquaintance with one 
sex only, almost always the male. Among recent authorities both Krauss 
and Enderlein (19x2) have monographed the order but these two 
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writers differ radically witff regard to diassificatioii and synonomy. the 
system of Enderlein is followed briow : 

FAM. I. EMBIIDAt.— R4|.( bifurcate, either in both wings or ONtT in 

THE HIND PAIR CERCI IN MALE EITHER SYMMEIRICAL OR WITH THE LEFT ONT 
MODIFIED lOth TCRGUM ENTIRE IN BOTH SEXES OR, MORE USUALLY, DIVIDED INTO 
TWO ASYMMETRICAL PLATES IN THE MALE ISt ABDOMINAL STERNUM PRESENT IN 
THF FEMALE Ctothoda, Eftibw, Rhagadochtr, etc 

FAM. II. OUGOTOMIDiB.— K44.I VESnCIAL IN BOTH WINGS CERCI IN 
MALE BUT LITaC MOOIflED, ALMOST SYMMETRICAL lOtb TCRGUM IN MALE DIVIDED 
INTO TWO PLATES WHICH ARB PRODUCED INTO A PAIR 0 ASYMMETRICAL PROCESSES . 
tSt ABDOMINAL STERNUM VESTIGIAL IN FEMALE. OUgOtoma 
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Order 9. PSOCOPTERA (Booklice and their allies) 

W INGED OR APTEROUS INSECTS OF SMALL OR MINUTE SIZE, WITH 
RATHER LONG 9- OR MORE JOINTED ANTENNiE : Y-SHAPED EPI- 
CRANIAL SUTURE PRESENT : MOUTH-PARTS OF THE BITING TYPE. 
THORACIC SEGMENTS CLEARLY DEFINED: WINGS MEMBRANOUS, ANTERIOF 
PAIR THE LARGER WITH EXTENSIVE PTEROSTIGMATA. VENATION SPECIALIZEE 
BY REDUCTION, CROSS- VEINS SELDOM PRESENT. TARSI 2 - OR j- JOINTED. 
CERCI VERY SHORT OR ATROPHIED : OVIPOSITOR ABSENT. METAMORPHOSK 
GRADUAL OR WANTING. 

The Psocoptera as defined above include the Zoraptera and Psocids 
which have been regarded as separate 
orders. The affinities of the Zorap- 
tera are evidently near to the Psocida 
and, as regards the venation, closely 
approach that of the genus Archps- 
ocus (vide Crampton, 1922). 

Sub-order i. Zoraptera.— insects 

WITH MONILIFORM 9-JOINTED AN- 
r£NN£. MAXILL£ NORMAL, LABIAL 
PALPI 3-JOINTED. WINGS, WHEN PRE- 
SENT, CAPABLE OF BEING SHED BY 
MEANS OF BASAL FRACTURES PRO- 
THORAX WELL DEVELOPED . TARSI 
2 -JOINTED. CERCI VERY SHORT, I- 
JOINTED. 

The first Zoraptera were descnbed 
by Silvestri in 1913, among insects 
obtained from W. Afnca, Ceylon and 
Java. More recently, Caudcll has 
brought to light additional speaes 
from Texas, Florida and Bolivia. The 
known species belong to the genus 
Zorotypus which constitutes the family 
Zorotypidaj : they are minute insects, 
less than 3 mm. long, and the alate 
forms have a wing-expanse of about 
7 mm. They occur under bark in 
decaying wood, humus, etc. ; the two 
N. American representatives are gener- Fig 304. Zototim avmtsus. Avrica, 
ally found near the galleries of ter- Afur sitvMtn, bm zoot portu*, 19x3. 
mites, but not usually living with 

those insects. The oriental and ethiopian species are known from apter- 
oiu individuals only, but those from N. America are represented b) 
winged and apterous forms in each instance. A third form, termed th< 

too 
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Wings 

pi^ pterostigma 


tffldtttioJwid itdttH, Is ^C*ud< 3 lr llilt 4*1^ 

^ ficom the ordtoaiy aptertms ctutinized tcm m any mor$hiw^I 
duuttcters. 

The mouth-parts of the Zoraptera are of a generalized type (Fig. 
ao 6 ). The mandibles are more or less quadrangular and adapted for 

mastication : the maxillae do not call for 
special mention and their palpi axe 5- 
jomted : the labium is characterized by 
the completdy divided prementum, and 
3-jointed palpi. The winged individuals 
possess compound eyes and ocelli, but 
both types of visual organs are wanting 
in the apterous forms. The wings are 
capable of being shed as in termites, 
but the fractures are not very definitely 
located, nevertheless they are dtuated 
near the bases of the veins. The wing- 
stumps persist in dealated individuals 
as in termites. Tlie venation (Fig. 305) is greatly specialized by redt|iction 
and according to Crampton (1922) it approaches that of the Psocida 
The abdomen is lo-segmented and genitalia are wanting in the female ; 
in the male, genitaha are described by Crampton in Z. huhharii. There 
are ten pans of spiracles, two bemg thoracic and the remainder abdominal 
in position. The internal structure of Z. ceylontcus has been partially 
investigated by Silvestri (1913). The digestive system is characterized 
by the large crop which extends 
backwards to about the 5^1^ 
dominal segment; the stomach is an 
ovoid obhquely disposed sac, and 
the hind-intestine is convoluted. 

According to Silvestri there are 
probably six Malpighian tubes. The 
nervous system is highly speciahzed, 
there being three thoracic and only 
two abdominal gangha, the first of 
the latter being located m the 
thorax. The testes are ovoid paired 
bodies commumcatmg by dender 
yaaa deferentia with an ejaculatory duct : the female organs are so far 

nndesenbed. . 

From a general consideration of the structure of both wmged ana 
! apterous forms, and from the fact that a colonial life is known to take 
phf rip it appears possible, from the analogy of the Isoptera, that the differ- 
ences in the imagines are those of caste. There is no evidence, however, 
relative to the occurrence of castes of sterile individuals, but at the pres«it 
i fjjiy nekt to nothing is Imown concerning the economy of these insects, 
Ih their they appear to have relationships with the Isoptm, 

jOtl the one hand, and, as already stated, with the Plecoptera and Psodida 
;|lli the otha:. 

^ Literature on Zoraptera 

OaVOBUf, 19 M.^Zo)«ptera not an apterous Order. Ptoe. E»t. Soc. 
oaAiaPTON, 19 Wf- 4 oiafi anatonucal details of tbe remarkaMe winged Zenqp’ 
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Sub-order 2 . Psoclda. (Gopeognatha : Booklice and their allies). — 
insects with long filiform ANTENNiE, OF 13- TO ABOUT 50 JOINTS. 
maxilla SINGLE-LOBED ENSHEATHING AN ELONGATE ROD : LABIAL PALPI 
MUCH REDUCED. PROTHORAX GENERALLY SMALL : TARSI 2 - OR 3- JOINTED. 
CERCI WANTING. 

The Psodda are small or minute insects with rather soft, stout 
bodies and, in many cases, with delicate membranous wings. Individuals 
or generations of the winged species sometimes occur with the alary organs 
rudimentary ; in other cases the microptcrous condition appears to be an 
attribute of the female, and there are further species in which the possession 
of rudimentary wings is a constant feature m both sexes. Among the 
Liposcelida most of the species never possess any traces of wings. Several 
of the latter insects are familiar to the non-entomological observer and 
are common among accumulations of books and papers, in iminhabited 
and other apartments, being known as booklice or dustlice. They feed 
upon the paste of book-bindings, also on fragments of animal and decaying 
vegetable matter. Flour, meal and other cereal products are also fre- 
quently resorted to while, at times, collections of insects, and other dried 
natural history specimens, suffer from depredations by Psocids. These 
insects sometimes occur m houses in such numbers as to constitute a pest, 
and are usually introduced in the stuffing of mattresses, etc. They are 
also often abundant among straw and c^fi in bams. The majority 
Psocids, including the alate speaes, occur out of doors and are to be met 
with on tree-trunks, imder bark, on weathered palings and walls, in birds' 
nests, etc., and often in situations where there are growths of lichen or moss : 
others are found among vegetation. They live on fragments of animal or 
vegetable matter, particularly on fungi and lichens : some species pass 
their whole lives among fungi of various kinds. Although sometimes stated 
to eat paper certain species feed upon moulds growing thereon and in this 
way reveal the injury done to the paper. Most Psocids carry foreign matter 
entangled among their body-hairs and in this way disseminate fungus spores. 
Many Psocids live gregariously and clusters of individuals, of various ages, 
are sometimes met with on bark, each colony being covered by a canopy 
of fine silken threads. The winged forms are curiously reluctant to tato 
to flight. At times, however, they fly in considerable numbers and drift 
through the air after the manner of winged aphids. They have occasionally 
been recorded as occurring in buildings in large swarms, the commonest 
species concerned being Pterodela pedicvlaria L. 

External Anatomy.— The head (Fig. 3p7) is large and very motflle, 
with the epicranial sutures more or less distinct. The compound eyes ate 
marle^y convex and protrude from the surface of the head : in Ttoctes th^ 
are vestigial and reduced to two small groups of ommatidia. Three oceui 
ate present in the winged species but these organs are wanting in the aptes^ 
bus foims. The la^wn is well developed and attached to the emUcfypem i 
the posicfypeus (prefrons of some authors) is a conspicuous sderite ofton 
ptesendnf an inflated appearance. The tntennte are long and fllifortn* 
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th^ are fr^uently X3>jointcd, but the number of joints is varialale and 
may be as high as fifty. The mouth-parts (Fig. 308) have been inves^ted 
Burgess (1878) and Ribaga (1900). The mandibles are relatively large 
and strong, eaoh with a broad striat^ molar area and a denticulated cut- 
ting edge. The maxUla and labium are considerably modified and, in 

the absence of developmental evi- 
dence, the homologies of certain of 
their parts are largely conjectural 
In the maxilla, the galea is a large 
fleshy 2-jointed lobe borne by a 
reduced stipes and there is a 4- 
jointed palpus. The most charac- 
teristic organ is the so-called 
“lacinia” (styliform appendage of 
Ribaga) which is represented on 
cither side by a hard elongate rod, 
shghtly bifurcated at its fre^ ex- 
tremity, and ensheathed by the 
galea. It has no articulation of any 
land with the body of the maxilla, 
and this fact, together with certain 
peculiarities of its muscular connec- 
tions, has led some writers to regard it as an mdependent structure, not 
homologous with any portion of a typical maxilla. Functionally, it is 
probably used as a Wnd of pick for rasping off fragments of bark and 
other plant-tissue. In the labium, the mentum is oblong, the prementum 
is divided and the ligula car 
lies a pair of membranous par^ 
glossse. The inner lobes or gloss 
are represented by a pair < 
minute structures forming the e> 
temal conduit of the spinnm 
glands. The labial palpi are n 
duced to the condition of singl 
or, rarely, 2-jomted lobes. ITi 
hypopharynx is well develope 
and its complex structure ha 
received diverse explanations. 0 
the ventral aspect it bears a pai 
of chitinized plates — the so-calle 
“ lingual glands,” but these part 
appear to have no glandular struc 
tures associated with them. 0: 
its dorso-latcral aspect, the hype 
pharynx bears a pair of dehcat ^ 
lobes or superltn^ucB. In the floo 
of ihe pharynx tliere is a pecuha 
mophageal sderiie homologous 
mth a similar structure in Mallophaga. 

The Piorax is characterized by the great reduction of the prothorax in 
fhe winged ^edes, where it is largely concealed between the head and 
^l^thorax. In the apterous forms the prothorax is larger, triiile the 
tHmiiites of the meso- and meta-thorax are united into a continuous shield. 



Fig 308 A, ventral view of the head of 
Psocid. B, right mandible (ventral). ' 
left mandible (dorsal) 

jSt galea , I, rod , os, oesophageal sclerite , p, labial pal 
PA palpifer, pg, paraglossa; pm, prementum; i# itipe 
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The i^ngs (Fig. 309} are membranous with prominent although reduced 
\(?natvMi: the antmor pair is considerably the larger and the wings, 
when not in use, are steeply inclined in a roof-like manner over the 
body, with the hind margins uppermost. In some species the wings are 
( onspicuously marbled and these organs together with the body and append- 
ages may bear scales of varied form not unlike those of Lepidoptera. The 
venation is discussed in detail by Enderlein {1903) and Tillyard (1923) ; 
a pterostigma is present on the fore-wing, and there is a reduction in the 
branches of the principal veins : Sc is imbranched, R and M are each norm- 
ally 3-branched and there is a fusion of the main stems of M and Cu. In 
the hind- wing reduction is carried still further, M being represented as a rule 
by a single branch. In Psocus, and other genera, the wings are effectively 
braced on account of the somewhat tortuous courses of the veins, and there 
is a striking absence of cross veins. The latter exist, however, in certain 
members of the order. 


The abdomen is lo-segmented but the sternum of the first segment 
has atrophied. There are no cerd and the male genitalia are only slightly 
developed and not prominent. 

According to Ribaga there are 
three pairs of large thoracic 
spiracles and a pair on each of 
the first six abdominal segments. 

Internal Anatomy. — Much 
of what is known concerning the 
internal anatomy of the Psocida 
is due to Ribaga. In the diges- % m.c., r. r. r... 

live system the oesophagus is 

elongate and extends into the / 

abdomen, the stomach is sharply n 

curved and U-shaped and leads lA --X a 

into a very short unconvoluted ^u. 

hind-inte.stme : the Malpighian fiq_ Right W iNosorPjooMJz/'asWiim. 

tubes are four in number. Two pit ptttnmtisma. 
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pairs of elongate tubular glands 

are described by Bertkau and by Ribaga the former investigator also 
mentions a pair of spheroidal glands but their existence is not confirmed 
by Ribaga. Both pairs of tubular glands extend into the abdomen, and 
their ducts converge in the head to open along the middle line of the 
labium. The shorter pair of these organs are regarded by Ribaga as 
spinning glands and the longer pair, which have a somewhat different 
histological structure, are regarded by him as being salivary glands. The 
spinning glands provide silken threads which form the webs often associated 
with colonies of these insects. The nervous system is highly concentrated : 
in addition to the brain and subcesophageal ganglion there are only three 
other ganglionic centres. The first of these belongs to the prothorax, the 
meso- and meta-thoracic ganglia are fused into a common centre, ai^ 
the single abdominal ganglion has shifted forwards so as to lie partly in 
the thorax. • The connectives are extremely short but are double through- 
out their course. A pair of large abdominal nerves extend to the posterior 
extremity of the body. The female reproductive organs are of an extremely 
suta{de type : each ovary consists of from three to five polytrophic o^rioles, 
the oviducts are very short and a small globular spmnatheca opens into tht 
dorad aspect of the vagina. A peculiar type of accessory |^d was de$* 



o&ed by HitsdMf In CtofMUa maxty years afa: ft' ttM^astai to 

ftmr small sacs e&ch opening ^ a narrow canal into a cSomnon dnot.' tli^> 
male reproiuctioe organs consist of a pair of dmple ovoid testes wbidi arc 
connected with short vasa deferentia. In Trichopsocus the latter open 
into a complex copulatory sac divided into two chambers which are enclosed 
in a common muscular coat. One of these chambers receives the sper- 
matozoa while the other appar- 
ently has a secretory function of 
some kind. The two chambers 
communicate by means of a 
single aperture with the base of 
the copulatory organ. In ChthiUa 
there is a pair of elongate vesi- 
culae semmales which ard coiled 
in a compact manner: p the 
first-mentioned genus small acces- 
sory glands are also present. 

Post-embryonic Grm 
The development of Psocida, after 
eclosion from the egg has been fol- 
lowed by Weber (1931). The 
changes involved are evidently 
slight , in Ectopsocustheio are six 
nymphal instars and, under 
favourable conditions, twelve 
generations may be passed through 
in a year. The eggs of some species 
have been observed to be laid in 
small groups on bark or leaves and 
are protected by a delicate mesh- 
work of silken threads (Fig. 310). 

Classification. — About 650 
species of Psocida are described 
and of these less than fifty have 
been recognized in Britain. A 
general work on the British forms is greatly needed and little has been 
added to what is known concerning them since M'Lachlan's paper (1867}. 
the order may be divided as follows, but its taxonomy needs much fuU«: 
investigation. 

Soperfam. I. Trimen .— tarsi s-ioixtbo. In C/oMt/Zawing-mdiments are present 
aa tfie mesothorax only while Liposcelis (Troetes) is entirely apterous. The most 
fsmUtar species is Liposcelis dioinatorius, tvhich is common among collections of bodes, 
ate. The power of producing a ticking noise has long been attributed to this spedes. 
which has earned the name of " death watch." Sound production, however, has only 
been proven in the case of ClolhiUa pulsatoria and Lepinotus inquUinus. the first 
auntianed species Fearman (1928) states that audible sounds are caused by tire insect 
Isinfing a slighfiy thickened knob, near the apex of the ventral side of the abdomm. 
ngiunst the substratum upon which it is resting. The sound is most distinct when the 
meaturs is placed upon^per, more variable when it is on cardboard or wood and 
SHMxaadible on glass. Inie sound-production appears to be confined to the fsmsle 
imd is Cioaidered to be a mating call. In certain other Fsocids the inner surface bf 
ShA land coxa bears a acale<ovm»d swelling which, in some spedes, has a kiad of 
< lympaanm or presumed tesonatoor situated just behind it. It is suggested that jdMWb 
an also for sound-production and that the sound is made by the scaled 
' two legs being-rubbed together, Theee organs are mem laigelv ' 



Fm 310. Pssiesoias rsMorrsacs. i, portion 
of leaf with eggs beneath silken threads ; 
2, young nymph; 3, imago. 

A/Ht SilvestiL 


m ' 305 

the t.: * • • • “ ' «oat)4'i»od«d]ig liuietioii to, at |«w«at. 

jcctmcat* 

InctivdBd in thU division ol tha Bn^dda are the families liposoelidse, QothilUdsii 
jjepi4apBiCKidm, Mesopsoddas^ Myopsoadae, Psoquilhdse and A^phientomidm. 

This division includes both winged and apterous forms. 

Superfam II. Dlmera. — ^tarsi 2 -jointsd. Many of the common winged mem* 
bers of the sub-order are included in this division, which composes the three famihes 
Cseciludae, Psocidae and Thyrsophoridae. 
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Order lo. ANOPLURA (Biting Lice and Sucking Lice) 

S MALL FLATTENED APTEROUS INSECTS LIVING AS ECTOPARASITES OJ 
BIRDS AND MAMMALS. ANTENN.® SHORT, 3- TO 5-JOINTED : EYES 
REDUCED OR ATROPHIED, OCELLI WANTING. MOUTH-PARTS HIGHLY 
MODIFIED AND ADAPTED EITHER FOR BITING OR PIERCING. THORACIC 
SEGMENTS MORE OR LESS FUSED. LEGS SHORT, TARSI I- OR 2 -JpINTED, 
FEET ADAPTED FOR CLINGING TO THE HOST, ABDOMEN WITHOUT CERCI. 
METAMORPHOSIS WANTING, \ 

The Anoplura live continuously in all their stages on warm-blooded 
animals, cementing their eggs to the hair or feathers (or clothing in man). 
They are divided into two naturally demarcated sub orders — ^the Mallophaga 
and Siphunculata, the former being more especially parasites of birdi 
while the latter are exclusively found on mammals. These two groups are 
commonly regarded as separate orders but the trend of modem research 
clearly indicates that they are sufficiently closely related to merit theii 
union into one order. This essential fact is recognized, for example, by 
Harrison and by Nuttall, who adopt the name Anoplura of Leach for the 
ordo: thus constituted, and revive Meinert’s term Siphunculata for the 
Anoplura of most writers. Several authorities including Enderlein (1904) 
have placed the Siphunculata among the Hemiptera, mainly on account 
of their piercing mouth-parts. Too much stress, however, has been laid 
upon this one feature to the exclusion of other characters. The Mallophaga 
and Anoplura have so many morphological features in common that it is 
scarcely probable that such characters have arisen independently in the 
two groups. Mjoberg (1910) and Harrison (1916A) have presented a de- 
tailed comparison of the two suborders, organ for organ, and contributed 
much towards placing their intimate phylogenetic relationships on a sound 
basis. The Mallophaga and Siphunculata are treated separately below. 

Sub-order I. MALLOPHAGA (Lipoptera : Biting lice or bird lice) 

INSECTS LIVING AS ECTOPARASITES MAINLY OF BIRDS, LESS FREQUENTLY 
OF MAMMALS. EYES REDUCED, MOUTH-PARTS OF A MODIHED BITING 

type: maxillary palpi 4-jointed or wanting: ligula undivided 

OR 2 -LOBED, LABIAL PALPI RUDIMENTARY. PROTHORAX EVIDENT, FREE: 
MESO- AND META THORAX OFTEN IMPERFECTLY SEPARATED .* TARSI I- OB 
2-JOINTED, TERMINATED BY SINGLE OR PAIRED CLAWS. THORACIC SPIRACLES 
VENTRAL. 

The Mallophaga are very small or small ( 5 to 6 mm. long), flat-bodied, 
active insects oitirely adapted for an ectoparasitic life. The majority 
of the species infest birds and a smaller number occur on mammals. Unlike 
the Siphunculata, Mallophaga never directly suck blood but live on frag- 
ments of feathers, hair, and other epidermal products. Their food con- 
aeqnently consists of dry and nearly or quite dead cuticular substances, 
whid) they Inte off by means of their stroi^ diarp-edged mandibles Th^ 

inA 



MALLOPHAGA 


307 


do not, however, neglect casual opportunities of imbibing blood as, for 
instance, when a bird is shot. 


When birds are badly infested with Mallophaga bare areas of the skin 
often appear where the feathers have been eaten through, or fallen out. 
The greatest amount of injury entailed by the hosts apparently does not 
come from the feeding habits of these insects, but from irritation of the 
skin, caused by the scratching action of the claws of the feet, during the 
migrations of the lice over the body. When a single bird is infested by 
some hundreds of these parasites, as is frequently the case, it becomes so 
irritated that it takes little food or rest, grows weakly and thin, and is less 
able to resist disease. The dust-baths taken by poultry and many wild 
birds are chiefly to rid themselves of Mallophaga. 

Kellogg, who is the principal authority on the sub-order, states that 
when a bird is shot, the Mallophaga on it die from two hours to two or 
three days afterwards : in rare cases living lice are found on the drying 
bird-skin after one week. 


On such a likely place as an 
ocean rock, from which he 
had just scared away hun- 
dreds of perching sea-birds, 
no Mallophaga could be 
found. Migration therefore 
probably takes place while 
the bodies of the hosts are 
in contact. The whole exist- 
ence of these insects is 
passed upon the body of the 
bird or mammal, the tem- 
perature of which is rela- 
tively constant. Their life- 
histories are very simple. 
The small elongate eggs are 
glued separately to the 
feather or hair, as the case 




may be, and from them the P*®- 3”- Mallophaga of I)omb.stic Fowl. 


nvmnh^ Qnnn hnfr'li A, Ltpeurus capont^ I. After Denny B, Menopon palMum 

Iiympns very soon naten. BjsUop and wood, us. Parmer’s BuII, 8oi 

The yoimg closely resemble 

their parents except in size, and to some degree in markings, and they 
partake of the same kind of food. They moult several times and in a few 
weeks attain maturity. Both Kellogg and Harrison have conunented on the 
very remarkable correspondence which exists between certain of the species- 
groups of these insects coming from definite host-groups. Thus, the 
Mallophagan parasites of hawks, ducks, pigeons or shore-birds constitute 
well-defined groups, the distribution of wWch is confined to, in most cases, 
a single host-order. Kellogg comes to the conclusion that the near relation- 
ship of hosts, in cases of parasitic species under circumstances eliminating 
the possibility of migration from one host-species to another, is due to the 
persistence of the parasitic species imchanged from the time of the common 
ancestor of the two or more, now distinct but closely allied, species or even 


genera of birds. Owing to their uniformity of food and habit, and the 
absrace of apparently any marked struggle for existence, the stimulxis to a 
rapid differentiation among Mallophaga is wanting. 

It has been suggested that these insects might possibly prove of some 
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•Id in bnd-phylogeny. Thus Harrison {P^ra^^jogy, i^i$) finds that 
Aptericola, which is a normal parasite of the ratite bhd A^tayx, is at most 
cHuy a sub genus of RaUicola which is a universal parasite of rails. The 
MaUophaga of the remaining Ratitse have nothing in common with those 
of Apteryx The inference which he draws from these conclusions is that 
Apteryx is more closely related to the Ralli than to any other hving birds 
The possibihty of this relationship has been independently foreshadowed 
by such authorities on avian morphology as Fiirbinger and Gadow. 

Tbe most notorious member of the order is the common chicken-louse 


Menopon palhdim. Ducks are infested by several species, among which 
a common form is Phthpterus dentatus Pigeons are almost always mfested 
by an elongate and very slender louse, Lipeurus baculus. The species living 
on domestic mammals belong to the genus Trtchodectes • thus the dog is 
often infested by T. cants and cats by T. subrostratus. Horses and donkeys 

harbour several species while bms 

f troubles cattle all over the world.’ Com- 
paratively few speaes of Trtchodectes have 
been recorded from wild mammals but 
they have been found on such dissimilar 
animals as bears, porcupines, beavers and 

External Anatomy.— The body is 
usually very much flattened dorso-ven- 
trally with the integument well chitinized 
Over the abdomen the tergal, pleural, and 
sternal regions are separated by very div 
tmet areas of membrane. The head is 
large and horizontal, and situated closely 
upon the prothorax. The antenna differ 
very markedly in the two sub-orders : m 
the Amblycera they are generally capitate, 
and concealed in deep fossae, while among 
the Ischnocera they are filiform and ex- 
serted. The (Snodgrass, 1896, 

1905) are of the biting type with large 
FIO 31a Tracheal System dentate tmndtUes, which ^er in their 

MritatDKt iPiDiAHia. mseition m the two sub-orders (Fig. 313). 

Among the Amblycera they lie parafiel 
with the ventral surface of the head, so that 
each condyle is ventral and the ginglymus dorsal. In the Ischnocera each 
mandible is inserted more or less at right angles with the head, the condyle 
being posterior and the ^glymus anterior. The ntaxtUa are smgle-lolKd 
and lack diflerentiation into the usual sclerites : they are, furthermore, 
attached to the lateral margins of the labium and, for this reason, their palpi 
were formerly regarded as belonging to that region. In certain genera a 
pair of minute forked rods have been described, but are very fragile and 
easily overlooked. Ihey are evidently homologous with simikr, but more 
prominent, oi]gans which are characteristic of the Psocida. The maxillary 
palpi are 4-jointed in the Amblycera and wanting in the Ischnocera the 
hbium is composed, basally, of a submoitum and mentum ; the palpi are 
Induced to small lobes, and the ligula is eithn entire or represented by a 
pair of fleriiy processes, probably homologous with paraglossae, Qn« pf 
itthp most characteristic buccal organs is the mopimgm sderUt (Viklc 




Fig 3x3. Mouth-parts of MiLiopsABd, A, mandibles. B, 


maxilla {L€Bfnobothr%um) 


If maxillary lobe , m, mentum • Pt maxillary palp ; #, ttipes. 
1899. 1905 


labium and maxillae {Anctstrona), 
Adapted from SnodgraM 
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V 191:^ wtiM» Ul a greatfy developed thkdcesdiig of the dutiaoiu 
lining oT anterior part of the oesophagus. The body of it is Shidd- 
shapM or oval with a pair of anterO'lateral arms. A complex type of 
hypophafynx is present and associated with it, in most genera, is a pair of 
ovoid plates with 
rod-like stalks. B 

rhe ovoid plates . 

have often been Cr-, 

termed lingual 
glands, but direct 
evidence of their 
possessing any 
glandular struc- 
ture is not forth- 
coming. They 
closdy resemble 
the corresponding 
parts in the 
Psocoptera, and 
are regarded by 

Endorlein (1903) as being superlinguae A curious trachea-like structure 
anses from the oesophageal sclerite and divides into two branches, one 
branch uniting with each of the plates previously alluded to. 

In the thorax, the meso- and metanota are frequently united, but among 

the Amblycera a sutural Ime 
separates the two segments. The 
legs are very similar throughout 
the order and the tarsi commonly 
bear a pair of daws, but in Tricho- 
dectes and Gyropus, which infest 
mammals, the claws are single. 

The number of abdominal seg- 
ments in the adult is usually nine, 
although ten may be present dur- 
ing post-embryonic development. 
The genital opening in both sexes 
is situated within a chamber 
formed by the invaginated body- 
wall. Grenitalia are wanting in 
the female but, in the male , the 
aedeagus is often an organ of com- 
plex structure, and the genitalia 
are formed as chitinizations of its 
walls (vide Snodgrass, 1899). 

Internal Anatomy.— -A 
general description of the internal 
organs is given by Snodgrass 
(1899). Tho aUmentary canal {Fig. 
3X4A) is either an almost straight tube, or slightly convoluted, but always 
cmnparatively short. It is characterized by the well-developed crop, 
large mid-intestine, and short simple hind-intestine. A pair of large 
entfuic coeca extend as outgrowths of the stomadi on either side of the 
aieip. There are four Malpighian tubes and a whorl of six prominent 




Fig. 3x4. A, digestive system of Eurymetopus 
iaurus, 

fi, Balkvary g^nds; ftf supplementary glandt. 

B, male reproductive organs of Physosto- 
mum dtffusum, 

tt testis : V, vesicula setntnalis Afirr Snodgrass, 0am 
Ptiptn Cmf Acad Set, xSoq 
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rectal papillae. Among the Amblycera, the crop is a simple expansion 
of the oesophagus : in the Ischnocera it is greatly developed, and is 
either connected with the gut by means of a narrow duct-like tube, as 
in Trichodectes, or assumes a more or less fusiform shape, and extends 
into the body-cavity to one side of the alimentary canal. Salivary glands 
are well developed and consist of two pairs, or of one pair of glands 
and a pair of reservoirs. In either case, they are situated alongside the 
fore intestine, and the two pairs of ducts unite to form a common canal 
opening into the floor of the pharynx. Among the Ischnocera there is also 
a pair of supplementary glands whose ducts open one on either side into the 
CBSophagus at the mouth of the duct of the crop, or directly into the latter 
organ. The nervous system is highly specialized : in Eurymetopus taurus 
the brain is laterally expanded in such a manner as to be U-shaped, the 
suboesophageal ganglion is exceptionally large, and is united with the 
thoracic chain by means of short thick connectives. The thoracic ganglia 
are three in number and connectives are wanting : there are no ganglia in 
the abdomen, the latter region being innervated from the metathoracic gang- 
lion. The tracheal system (vide Harrison, IQ15) is disposed in two main trunks, 
opening to the exterior by means of seven pairs of spiracles (Fig. J12) : of the 
latter, the first pair is prothoracic, and the remainder are abdominal and 
situated typically on segments 3 to 8 or, more rarely, on segments 2 to 7. 
In Trimenopon and Gliricola there are five pairs of abdominal spiracles 
located on segments 3 to 7. The heart (vide Fulmek, Zool. Am. 29) is 
situated in the 7th and 8th or 8th segment of the abdomen. It is an 
extremely short chamber provided with 2 or 3 pairs of o.stia, and is continued 
forwards as the aorta : the latter is swollen into a bulbus arteriosus at its 
junction with thd heart. The female reproductive organs consist of a pair 
of ovaries, each organ being usually composed of five panoistic ovarioles • 
in the Amblycera there is a tendency to reduction, and the ovarioles may 
be restricted to three. The common oviduct leads into a vagina and the 
latter opens behind the 7th sternum. In Eurymetopus a globular accessory 
gland and a spermatheca communicate with the vagina, but both organs 
are wanting, for example, in Menopon. With regard to the male repro- 
ductive organs (Fig. 314B), the testes are composed of three (Amblycera) or 
two (Ischnocera) ovoid or pyriform follicles, which are quite separate from 
one another. Those of a side communicate with the corresponding vas 
deferens, and the two latter canals frequently discharge into the vesicula 
seminalis. This organ is compact and bilobed, often large, and is con- 
tinuous distally with a tortuous ejaculatory duct. 

Glassification. — About 1,700 species of Mallophaga are known, and 
for their taxonomy reference should be made to the important works of 
Piaget (1880) and Kellogg (1908). Harrison {1916) has contributed a 
revised list of the genera and species of the world, and the British species 
have been monographed in the now antiquated volume of Denny (1842). 
Descriptions of the more important species affecting domestic animals will 
be found in textbooks of parasitology, notably those of Raillet, Neumann, 
Neveu-Lemaire and others. 

The MalIoi>haga fall into two well-defined superfamilies and four 
pnncipal families. For a recently erected third group, see p. 316. 

Superfamily I. Amblycera. — ^AMTENNiB capitate, 4-jointkd, conceaud. 

WAXmBIJbB HORIZONTAL. MAXILLARY PALPI 4-JOINTBD. MESO- AND UBTA-TBORAX 
WITH A SUTURAL UNB USUALLY VISIBLE. 



SIPHimCULATA 311 

(i>--<Tiarai tingteHclswad ; infestiag mammals. Gyropus. OYItortDM 

(2) — ^Tani with paired daws; iuesting birds (with a few 

exceptions). Menopon (Fig. 311B), Trinoton. LIOTHEIDjC 

Superfamily II. Isclmocera. — ^aktemnjb fiuform, 3 to 5 -jointed, exposed, 
mandibles vertical, maxillary palpi wanting, meso- and mbta-thoraz 

USUALLY FUSED. 

(3) — Antennae 5-jointed ; tarsi with paired claws ; infesting 

birds. Docophorus, Lipeurus (Fig.'3ixA), Goniodes, PHILOPTERIDAi 

(4) — ^Antennae 3-jointed ; tarsi single-dawed ; infesting 

mammads. Tnchodectes, TRICHODECTIDA 

Sub-order II. SIPHUNCULATA (Anoplura of most writers: 

Sucking Lice.) 

INSECTS LIVING AS ECTOPARASITES OF MAMMALS. EYES REDUCED OR 
ABSENT. MOUTH-PARTS HIGHLY MODIFIED FOR PIERCING AND SUCKING, 
RETRACTED WITHIN THE HEAD WHEN NOT IN USE. THORACIC SEGMENTS 

fused; tarsi i-jointed, claws single, thoracic spiracles dorsal. 

The insects included in this sub-order are exclusively blood-sucking 
ectoparasites of mammals and somewhere about 
200 species have been described. Of these, two 
species infest man and about a dozen occur on 
domestic animals : the remainder have been 
taken from a wide range of mammals including 
monkeys, rabbits, mice, seals, elephants, etc. 

There is no doubt that the greater number of 
species are, as yet, undescribed and only a be- 
ginning has so far been made in the study of 
these insects. 

Kellogg {Science, 1913, p. 601) has discussed 
the close physiological relationships between 
certain of these parasites and the specific blood 
characters of their hosts. Work by means of pre- 
cipitin tests, and the study of the crystallizable 
proteins (haemoglobin), has emphasized the simi- 
larity of the blood in closely related mammals, 
and its dissimilarity in the more distantly related 
species. The conclusions derived from these lines 

of investigation are supported by the very definite female, ^Magiwfied* ’ 
host-relations of these parasites. 

The best known species of Siphunculata is Pediculus humanus L., the com- 
mon louse of man (Fig. 315). It infests people living imderimhygienic con- 
ditions and who, through neglect or force of circumstances, go for a number 
of days without any change of clothing. This insect exists in at least two 
races which were formerly reganrded as separate species ; they are P. humanus 
capitis de G., the head louse, and P. humanus corporis de G. {vestimenti 
Nitz.), the body louse. Of the two races, typical examples of capitis are 
the smaller and darker, the antennae are thicker and the divisions betwemi 
the abdominal segments more strongly marked. Tjliis race occurs on the 
head, lapng its eggs on the hair. The race corporis is typically composed 
of larger individuals, which are paler than capitis, with the antennae more 
slender, and the divisions between the abdominal segments less pronounced. 
It occurs more especially among the folds and seams of underclothing, 
pasring to the skin when it desires to feed : the eggs are either laid in the 
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or attached to the body hair, the twb itacee iateitKMd freely 
under experimental conditions and are known to be fertile through several 
generations. Furthermore, when the race capUis is reared under conditions 
suited to corporis it loses its distinctive morphologicsd characters and, after 
four or more generations, acquires those of the latter race. There is reason 
to believe that capitis is the more primitive race and that corporis b derived 
from it in adaptation to the acquisition of clothing by its host. 

The louse lays up to about 300 eggs, which are usually deposited at the 
rate of 8 to 12 daily. Each egg b fastened to a hab or fibre, by means of a 
cementing substance, and the young insect emerges by pushing open an 
operculum at the anterior pole. It appears that, with the natural body- 
heat of the host, when there is no change of clothing next the skin, the 
incubation period is about a week. Three ecdyses occur during the life of 
the insect, and development is one of simple growth, unaccomp^ed by 
any changes sufficiently pronounced to constitute metamorpho^ The 
length of the life-cycle is dependent upon temperature, facilities for fteding, 
etc. : probably on an average about seven weeks intervene betwedp the 
time of hatching and the death of the adult insect. ' 

Pediculus humanus is concerned with the transmission of more human 
dbeases than any other insect. Typhus fever is the most virulent of these 
maladies and its causative organbm b carried by both races of the louse. 
If the insect imbibes blood from a t5T>hus patient, m 7 to 11 days afterwards, 
it is capable of transmitting the dbease to another human being by means 
of punctures of the skin made by the mouth-parts. Subsequent research 
has demonstrated that the excreta of infected hce may also cause infection, 
through abrasions of the skin, and the crushed bodies of hce may transmit 
the disease in a similar maimer. During the European War, 1914-19, the 
complaint known as trench fever occurred in practically all the chief areas 
of fighting, and it has been proved to be transmitted indirectly by thb 
insect. The malady b chiefly spread by the excreta of the louse which 
contain large numbers of the causative agent. The disease appears to be 
usually contracted by the excreta of the msect infectmg abrasions of the 
ddn, W a healthy human being may even contract the complaint should 
the dried excreta come in contact with the eye membranes, while clothes, 
etc., are being shaken. Rebpsing fever can also be conveyed to man by 
the louse and, should an example of the btter containing the spirochsete 
of thb disease in a particular phase of development, be crushed upon the 
skin, which b commonly excoriated by the self-inflicted scratches of the 
individual harbouring hce, that individual can in ^his manner become 
infected. This disease, similarly to trench fever, is not known to be dbectly 
transmitted by the punctures of infected lice. During the last ten years 
the literature on Peiicuhts humanm has assumed extensive proportions. 
For a general account of its biology and rebtion to disease, vide Uoyd 
(19x8) and the papers of Nuttall (1917, 1917A, 1917B, 1919), also recent 
works on medical entomology. So far as known the genus comprises thb 
.Species only, which b confined to man and certain monkeys and apes. 
P. schaffi Fahren., from the chimpanzee, and other reputed species, are 
probably to be regarded as races of P. humanus. 

The only otha* gimus of Siphuncubta infesting man b Phthirus, whose 
singb species P. Leach b commonly known as the crab louse. Thb 
insect b usually confined to the pubic and peri-anal region and b not known 
m serve as the vector of any infective dbease. The eggs resembb those ol 
) Ptdkulus in thdr general features and method of attachment to the bodlf * 
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AooQrdtng to Ktitto& (19x9) the eg^s hatdb in $iiiu in ak to 
days, the insects pass througii tiuree ecdyses, and the total lif&cycle Ir^ 
the tune the are laid until the adults are mature and ready for oviposi- 
tion is 22 to 27 days. 

Among other genera of the sub-ordo: one of the most prevalent is 
Heematoptnus which is mostly parasitic upon ungulates ' H. sms (Fig. 319) 
IS the well-known hog louse which occurs on domestic and wild pigs in 
many parts of the world (vide Florence, 1921) ' H tuberculaius is found on 
the buffalo m £. Europe and the orient, and H. eurysternus occurs on 
domestic cattle and may, at tunes, prove a pest Species of PoJyplax find 
their hosts among the Mundse, and P. sptnulosus transmits Trypanosoma 
lemst from rat to rat. Echtnoptktrius, and its alhes, exclusively infest 
marme mammals (seals, sea-lions and walruses), and the anomalous genus 
EnderletneUus occurs only on Sciundae 

External Anatomy. — The body of a louse is dorso-ventrally flattened 
and only the abdomen is distmctly segmented. The head is more or less 



Fig 310 Diagrammatic I ongitudinal Section of the Head of PhDitciua , 


b biain, h/ buccal funnel , dorsal stylet » A, rostrum. Id lift ramus of dorsal stylet, Idv fw, left dorsal and 
veptral rami of ventral stylet, 00 cesophagus, pharynx, pf,phatyngealtube, a, stylet sac, sf, sac tube; vs, ventral 
Stylet Adapted from Peacock, ParasUohgy, zz 

conical and pointed and, in Ltnognaihus, it is much attenuated and re- 
latively httle broadened behmd the antennae The antennae are short 
and 3- to 5-]omted : in Pedtcuhts and Pkthnus they are 3-jomted in the 
first instair, but afterwards become 5-]omted, and m Pedtctnus they are 
3-jointed throughout life. The eyes are reduced and often aborted but are 
r^tively well developed m Pedwulns. 

Tho mouth-parts (Fig 3x6) are extremely difficult to investigate owing to 
their minute size and delicacy of structure : they are highly modified for 
piercing and sucking, and httle is definitely known with respect to the homo- 
Ibgies of the various parts. They have been descnbed by Enderlein (1904), 
Pawlowsky (1906), Peacock (1918), and others, but the various accounts 
contain many dUscrepancies. The descnption of the mouth-parts of 
PHictUus given by the last-mentioned author is largely followed in the 
present work. In the resting condition the mouth-parte are entirdiy 
retracted vfithin the head and it is necessary, therefore, to refer to certain 
Seatures of the mtemal anatomy. If a transverse section be taken across 
ttt4 head, in front of the insertions of the antennae, two separate canals are 
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seen in the middle line, one above the other. The upper canal is the fore- 
intestine and the lower one is the stylet-s&c. The fore-intestine, in this 
region, is termed by Peacock the buccal funnd : it opens to the extenor 
at the apex of a very short rostrum which carries a series of denticles. 
at rest the latter lie within the cavity of the rostrum, but they can be rotated 
outwards, so as to become external, when used to transfix the host dunng 
feeding. The buccal funnel leads into the pharynx which is composed of 
two successive chambers, the second one communicating with the oesophagus 
The siylei-sac is a ventral diverticulum, arising anteriorly from the floor of 
the buccal funnel, and extending to the hinder region of the head. The 
mouth of the sac is prolonged forwards into the buccal funnel by means of 
the sac tube, which is a trough composed of a pair of half tubes, which are 
opposed to one another along their ventral edges A pair of slender struc- 
tures each likewise in the form of a half tube, arises from the floor of the 
first chamber of the pharynx. They fit closely together so as to form an 
afferent pharyngeal tube : anteriorly the latter is embraced by the sac-tube 
already referred to. The stylets, or stabbers, are two in number, one being 
situated above the other within the stylet-sac : anteriorly they rest in the 
sac tube, below the pharyngeal tube. The dorsal stylet is paired ; the halves 
are in close contact along the greater part of their length, but diverge where 

they are basally attached to the bhnd 
end of the stylet-sac. The ventral 
stylet is stated by Peacock to be com- 
posed of two superposed elements, 
each of which is basally attached to 
the stylet-sac by a pair of diverging 
arms. The salivary dud runs just be- 
neath the dorsal stylet (Fig 317). 
When the insect desires to feed its 
method of action is probably, in brief, 
as follows. The rostrum is everted 
and the denticles maintain hold on the 
skin of the host. Special muscles 
come into play, which draw the buc- 
cal funnel and pharynx forward, with 
the result that the pharyngeal tube and sac tube come into contact with 
the skin. The action of protractor muscles, associated with the stylets, 
brings the latter structures into action, and they perforate the skin : at 
&e same time saliva enters the puncture. The pharyngeal tube is inserted 
into the wound and, by means of the pumping action of the phaiyngeal 
muscles, blood from the host is sucked up. 

According to Fernando {Quart. Joum. Mic.Sd., 1933), embryology shows 
that the mandibles disappear and that the maxillae fuse to form the dorsal 
stylet, the labium forms the ventral stylet and the labrum remains as the 
roof of the buccal funnel. 

The thorax is relatively small and only imperfectly segmented. The 
kgs are strongly developed in accordance with a mode of life which requires 
appendages adapted for maintaining a firm hold on the host. The tarsi 
are single jointed, and each is terminated by a powerful claw. 

The abdomen is 9-segmented : the terga and sterna are, as a rule, thinly 
Ohitinized, while the pleura are strongly developed and deeply pigmented. 
A copulatory organ is well developed in the male, and in the female there is 
a pair of short gonopods which are used during oviposition for grasping the 



Fig 317 Transverse Sfctton oj the 
Buccal Funnel of P*i>hiius 

bf arch of buccal funnel: sb, dorsal stylet (with 
•alivary duct just beneath) ; pharyngeal tube , 
$, sac tube, vs, ventral stykt Adapted from Pea 
cock, loc cii 
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hair and dttwcting tlw alignment of the eggs. Cerci are wanting in noth sexes. 

Intef (wl Anatoniy (Fig. 318) .--Most of what is known concenung the 
internal anatomy is relative to Pedicvlus and S[amaU>pinus. The anterior 
portion of the fore^intestine has already been referred to, and the oeso- 
phagus passes directly to the stomach, both crop and gizzard being un- 
developed. The stomach is a large chamber which narrows posteriorly, 
and occupies the greater portion of the abdominal cavity ; in Pediculus a 
pair of large enteric coeca is present anteriorly. The hind intestine pre- 
sents no convolutions and receives four Malpighian tubes, and the rec- 
tum is provided with a whorl of six chitinized rectal papillae. There are 
two pairs of salivary glands which are situated in the thorax : one pair 
is elongate and tubular, the other being compact and reniform : their 
ducts apparently com- 
bine to form the sali- 1 f- 

vary canal already I 

mentioned in relation /rm^ 1 w 

to the mouth-parts. A \ /r/ / 

pair of glands, known 10 \^\ / 

as Pawlowsky’s glands, IC ■* j \ '||| / 

open into the stylet ^ V I / 

sac and their secretion mi A ‘ 

possibly serves to lubri- 

cate the stylets. The A I /l\ 

tracheal system exhibits \ // I 

a general agreement A j"/ T*”' 

with the simpler Mallo- I 1 / / / 

phagan type (Harrison, J I if (f i i \\V 

1915) ; there are usu- / w Ir ^ /fil/f/ \ Wu ** 

ally seven pairs of I j ) r (Hi/) / \ i 

spiracles, the thoracic II I | tW Jl/ V\( 1/// 

pair being dorsal, and j I | \SMf l\ ^ 

the abdominal spiracles \ 

open on segments 3 to \ / \ f i/\ 

8. The female repro- I /r7 U 

duciive organs consist Vy \ j C jod 

of five polytrophic ' ^ ' 

OvarioleS to each ovary Fig. 318. Psnuvivs. A, digestive system. B, indlt and C, 

and there is also a pair female reprotluaive organs 

of arcessorv elands but ^^. arxtbvory gland , (jatiUatory dutt, Ai, hind mtostme ; ««, mid- 
ui acccaauiy giaxxud uui mtcstiue, orf, oviduct; oe, as>nphagus; ov, ovary, sg, salivary g'ands and 

no receptaculum Pattonlnd’Cragg*** deferens, is, vesicula seminalis. Adapt^ from 

seminis. The male re- 


Fio. 318. PsuH viva. A, digestive system. 13, in,ilt and C, 
female reproductive organs 

«g, arxtbvory gland, of, (jatulatory dutt, hi, hind mtoitma ; m, mid- 
» od, oviduct ; oe, a^nphagus ; tw, ovary , sg, salivary g'ands 
ducts sd, /. testis, vd, vas deferens, is, vesicula seminalis. Adapted from 
Patton and Cragg 


productive organs are composed of a pair of compact bilobed testes and the 
slender vasa deferentia either open into a pair of tubular vesiculae semin^ies 
{Pediculus) or discharge separately from the latter into the ejaculatory duct 
(Phthirus). In Pediculus copulation takes place at frequent intervals and 
this fact is probably related to the absence of a receptaculum in the 
female and presence of well developed vesicuke seminales in the malft : 
according to Bacot one male may fertilize lo to i8 females. The nervous 
p/stem is highly concentrated, the thoracic and abdominal ganglia being 
fused into a common mass. 


Glassificatioii.— The Siphunculata are divided into three fatnilip-s as 
given below. A catalogue of the species and host list up to 1916 is 
given Ferris, and the British species are enumerated by Deuny 
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seote. Contributions towards a monograph the ftab^m ^ p ^ 
(3 parts published) will be found in Lfland SUmfoM PuWcaiionH, Vn 
Smes, 1919 to 1932. ’ *® 


t (4) — ^Body flattened , spiracles on mesothorax and 
abdominal segments 3-8. 

a {3), — Pigmented eyes present; head not retracted into 

thorax. Pediculus, Phthirus, Pedicinus. PEDICULID.® 

3 (2). — Eyes vestigial or absent ; head retracted into 

thorax. Hamatopinus, Linognathus, Polyplax. HifiMATOPlNlDiE 

4 (i). — ^Body thick and stout; spiracles on meso> and 

meta-thorax and abdominal segments 2*-^. Echi- 

nopthirius. £CHINOP'niIRnD/e 



Fig, 319. — Female 

Hog Louse (Hai- 
MATOPiNva avia). 



Fig. 320 . — HjtMATOPijfua avia. A, extremity 
of leg. B, egg attached to a bristle. 

I, tarsus ; tb, tibia ; pr, process oi tibia ; p, tibial pad. 


Appendix to Anoplura,— Ferris (Parasitology, 23, 1931) has recently investi- 
^ted the structure of Hivniatomyzus, the single species of which is a parasite of the 
elephant and has long been regarded as a member of the Siphunculata. He points 
that the mouth-parts arc definitely of the mandibulate type. As regards other 
features, the antennas, spiracles and genitalia are of such a character as might belong 
to a member of either the Mallophaga or Siphunculata while the head, thorax and 
. legs show features different from those prevailing in either sub-order. On account 
of the biting mouth-parts it is evident that this genus is to be regarded as a member 
Of the Mallophaga. Ferris proposes the name Rhyncophthirina for a new group 
to contain it. This name is adopted here as that of a third superfamily of the 
Mallophaga. ^ 
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Order ii. EPHEMEROPTERA (Plectoptera : May-flies) 

S OFT-BODIED INSECTS WITH SHORT SETACEOUS ANTENNiE AND VESTIGIAI 
MOUTH-PARTS DERIVED FROM THE BITING TYPE. WINGS MEMBRANOUS 
HELD VERTICALLY UPWARDS WHEN AT REST ; THE HIND PAIR CON- 
SIDERABLY REDUCED ; " INTERCALARY ” VEINS AND NUMEROUS CROSS-VEINS 
PRESENT. ABDOMEN TERMINATED BY VERY LONG CERCI EITHER V^ITH OH 
WITHOUT A SIMILAR MEDIAN CAUDAL PROLONGATION. THE IMAGINES 
UNDERGO ECDYSIS BEFORE SEJCUAL MATURITY. METAMORPHOSIS HEMI- 
•METABOLOUS: NYMPHS AQUATIC, CAMPODEIFORM, USUALLY WITH LONG 
CERCI AND A MEDIAN CAUDAL FILAMENT : LAMELLATE OR PLUMOSE, META- 
MERIC, TRACHEAL GILLS PRE.SENT. 

Existing may-flies are the remnants of a former extensive order. They 
are familiar insects on the margins of lakes, streams and rivers, and the 
association of their name with the Ephemerides of Grecian mythology 
expresses their brief life above water which, in certain species lasts but a 
few hours. In their nymphal stages, on the other hand, they are at least a' 
long-lived as most insects and, in some cases, this period is believed tc 
occupy three years. 

)^en a may-fly is about to emerge the nymph floats to the surface ol 
the water : a fissure then appears m the dorsal cuticle, and the winged 
insect issues, and flies away in the course of a few seconds. At this stage 
the winged form is known as the sub-imago, and it differs from the mature 
imago in several features. In their general form the two stages are alike, 
the wings are fully expanded and spiracular respiration is established. The 
sub-imago maybe recognized by its duller appearance, and by its somewhat 
translucent wings which are usually margined by prominent fringes of hairs 
The passage from the sub-imago to the imago is marked by an eedysis which 
is unique among insects : the sub-imago casts a delicate pellicle from it: 
whole body, including the wings, and then issues as a fully formed imago 
In the latter condition the insect presents a shiny appearance and hai 
assumed its full coloration, the wings become transparent, while the eyei 
and legs attain their complete development. Among certain of the short- 
lived species the sub-imaginal pelhcle is partially, oTr completely persisteni 
in one or other sex. The males of OUgoneuria, for example, retain this 
covering on the wings, while the females of Palingenia and Campsurus dc 
not appear to shed any part of it at all (Eaton). The sub-imaginal stage is 
of variable duration and there is, furthermore, some correspondence between 
the time spent in this stage and the duration of life of the imago. Thus 
the change into the imago may occur only a few minutes jdter the sub-image 
has emwged from the nymphal cuticle. In such cases, the life of the image 
is a fugitive one, death taking place the same evening or early the following 
moimng. In other cases the sub-imago may exist for 24 hours, or more 
leading an inactive existence resting in the shade. The resulting in^e 
jit instances of this kind may live from one to several days. The short-lived 
l|M>des are mostly night fliers : species of Palingenia, OUgoneuria, Ephemera, 

3*8 
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flixagettia and Cmis have been observed to issue about sundown in vast 
warms. Such a phenomenon is frequent on the borders of the Swiss lakes, 

^ ‘ where the may-flies sometimes appear 

in hundreds of thousands, and are 
attracted in large numbers to the arc 
lamps near the waterside. Certain of 
the more conspicuous species, especi- 
ally the males, exercise familiar 
" dances " in the air : when carrying 
out these evolutions a vertical up and 
down motion results, a fluttering swift 
ascent being followed by a passive 
leisurely fall many times repeated. 

May-flies are eagerly devoured by 
fishes and most of the " duns,” “ spin- 
ners ” and several of the " drakes," of 
the fly-fisher, are made up to represent 
various species of Ephemera (Fig. 321), 
and are used at times when the species 
of the latter are on the wing. 

Probably between 800 and 900 
species of Epheraeroptera are described 
but only the European and N American 
representatives are at all adequately 
known. About 40 species occur in 
Britain and a synopsis of these forms 
is provided by Eaton (1888). The 
latter authority (Eaton, 1883-87) has 
written a monograph on the world’s 
species and recognizes a single family — 
the Ephemeridse. This work is still the 
standard treatise on the order and contains much general information. 

External Anatomy.— The head (Fig. 

322) is free with the antennae short, and 
composed of two basal joints, surmounted 
by a multi-articulate setaceous filament. 

The compound eyes are largest in the 
males and, in some genera, the upper 
portion of each has larger facets than the 
lowet. In Chlceon the upper divisions are 
mounted upon pillar-like outgrowths of 
the head. Between the compound eyes 
there are three ocelli. The mouth-parts 
are degenerate : degeneration begins in 
the late nymph, it is externally complete 
in the sub-imago and complete in the 
imago. Individual parts do not imder- 
go equal degrees of atrophy and the 
various genera differ very much in this 
respect. Mandibles are vestigial or want- 
ing and the maxillae though greatly , , , . . . 

reduced, usually retain their palpi in Ephemera the labium is represented 
by the postmentum amd a pair of distal lobes with small palpL In some 



Fig. ‘^21. hPHFMhRi VVlOAfA, 

(Reproduced by pernussion of the Trustees of the 
Ilnlish Museum ) 



3, apex ol tibia with tarsus. 

; G, ligu)«; !.» 

Adapted from I 


maxilla; ^ 


postmentum 
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fenera the inoa<h>{)arts have atro^ed th the extent that they ate aourcely 
wct^pimable. The often repeated statemoit that tnay>fljea have no mouth- 
parts is not literally correct for all species, but they appear alwa5iv to exist 
in such a weak or atrophied condition as to preclude the taking of any food. 

The thorax is principally characterized by the great size and pre- 
dominance of its middle segment, the pro- and meta-thorax both being 
small and comparatively insignificant. The wings are markedly triangular 
(Fig. 324) and fragile, durable organs not being required. As a rule they 
are hugest in the female ; the hind-wmgs are always small or mmute and, 
in some genera (i.e. Cants, Chlaon), they are completely atrophied. The 
fore-wings are longitudinally corrugated but are not folded, exc^t in 
cases when the female is ovipositing below the water surface. The corruga- 
tion is correlated with the presence of so-called " intercalary " (accessory) 
veins and each vein, whether normal or intercalary, either folfows the 
crest of a ridge, when it is termed a convex vein, or the bottom of a furrow 
when it is Imown as a concave vein. The intercalary veins area very 
characteristic feature : they appear to be branches which have lost their 
basal connections with the remaining veins but are united with th^ latter 
by a greatly developed system of cross veins. The venation is of a very 
inimitive type since the media retains its anterior (MA) and posterior (M) 
divisions in both pairs of wings, MA being basally fused with Rs (Tillyard, 
Amer. Joum. Set. 23, 1923). The legs are exceedingly inconstant and are 
not used for walking. The tarsal joints vary from one to five : in the 
males the fore-legs are generally very elongate and, in some cases, the 
middle and hind pairs are vestigial. 

The abdomen is evidently lo-segmented, with a reduced tergum belopging 
to the iith segment. In the male there is a pair of usually 3-jointed clasping 
organs and, between the latter, two separate and distinct sedeagi. In the 
female there is no ovipositor, and the two oviducts dpen by separate aper- 
tures. A pair of exceedingly elongate multi-articulate cerci are present in 
both sexes and very commonly the nth tergum is prolonged into a 
median process of similar form. 

Internal Anatomy. — The most characteristic feature with respect to 
the internal organs is the modification of the alimentary canal for aerostatic 
purposes (Fritze, 1888. Stemfeld, 1907). This r^cm no longer functions 
as the digestive tract, but has assumed an entirely new rdle, and has imder- 
gone certain structural changes in consequence. In the nymph the 
oesophagus is wide, but in the imago it becomes an extremely narrow tube 
and there is a complicated apparatus of dilator muscles which appears to 
regulate the air-content of the gut. Air is taken in or expelled through 
the mouth, and the stomach is modified into a kind of storage balloon : its 
epithelium is no longer secretory, but is converted into one of the pavement 
t^e, and the muscular coat has disappeared. The Malpighian tubes 
number about 40, and the first portion of the hind-intestine is modified to 
form a complex valve which precludes the escape of air from the stomach. 
In these short-lived insects it appears therefore to be more important that 
their specific gravity ^ould be lessened, in order to facilitate the mating 
flight, rather than that they should take food, and live few a longer period. 
The sexual organs of may-flies are remarkable for their inimitive nature. 
There are no accessory glands, and the gonoducts retain their pairqd nature 
in both sexes, each duct opening to the exterior separately. In the male 
Qie testes are ovoid sacs, and the two vasa defo'entia eaw communicate 
^th a separate pods of its side. Each ovary is composed of a large nuathef 
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of soMi^ ovtzibtes. tSIqpoaed atoig a common tube whicb is conibrnedl 
po^ittfiodiy as the oviduct. Ck^lation is stated to be a momentaty process 
and takes {dace in the air. The respiratory system is well developed and 
opens to the exteiiot by ten pairs of spiracles, two pairs being thoracic 
and eight pairs abdominal in position. 

Oviposition and Post-embryonic Development. — None of the 
smaller orders of insects present so many variations of form and structure 
with regard to their eggs as are exhibited among the Ephemeioptera. These 
variations do not appear to be generically characteristic, since the eggs 
of very closely allied ^edes may be completely dissimilar in all their 
features. The differences involve variations in colour, and chorionic sculp- 
turing in the presence or absence of the micropylar apparatus ; and in the 
form and occurrence of special anchoring filaments. A few examples in 
illustration of these facts may be cited from a paper by A. H. Morgan (1913). 
The egg of Heptagenia irOerpunctata is provided at each pole with a skein of 
fine yellow threads, which unravel in the water and serve to anchor it by 
becoming entangled with foreign objects. The egg of Ephemerdia excrucians 
is white eind slightly dumb-bell-shaped, with a strongly sculptured chorion, 
but with no anchoring filaments or micropylar apparatus. That of E. rotunda 
IS yellowish and oval, with a smooth chorion, and a prominent mushroom- 
shaped micropylar apparatus : there are four anchoring filaments each be- 
ing terminated by a knob-like structure. The ovoid eggs of Ecdyurus are 
provided with numerous short coiled filaments : after they have been in the 
water a little while each coil unwinds with a sudden spring, when it is seen 
to be terminated by a minute viscid button-like cap. The number of eggs 
laid by different species varies from several hunted up to about 4,000. 
Eaton mentions that some of the short-lived species discharge their eggs 
m masse as a pair of clusters which are laid on the water : these soon Ss- 
integrate and the eggs become scattered over the river-bed. The longer 
lived species lay them in smaller numbers at a time, either alighting on the 
surface for the purpose or descending beneath the water and depositing 
their eggs under stones, etc. ; the insects float up again and fly away to 
repeat the process, or die without reappearing. According to Heymons 
the eggs of Ephemera vulgata hatch in lo-ii days at 20-25° C, In many 
species they require a much longer period for their development which may 
extend to several months : in Chlceon diptenm reproduction is viviparous 
(vide Causard, Comp. Rend. Ac. Set. 123). 

Tbe nymphs have been described and figured in many species, notably 
by Pictet (1843), Vayssidre (1882), Eaton (1883-8), Lestage (1917-1920), 
Needham, Morgan and others, but detailed life-history studies are almost 
wanting. There is reason to believe that the number of eedyses is very 
high, 23 being recorded by Lubbock (1863-66) in Chlaeon dipterum, but the 
observations were not commenced from the earliest stage. May-fly n}rmphs 
are essentially herbivorous, feeding upon fiagments of the tissues of the 
higher plants, algae, etc. ; certain forms, however, are believed to be car- 
nivorous but are exceptional. They frequent a great variety of aquatic 
situations : many live in concealment in the banks, some burrow in mud, 
wirile others hide beneath stones in lakes, streams, and rivers. Certain 
genera occur among water plants and are active swimmers, stiU others live 
in swift currents or near waterfalls, and there are some species which reside 
among decaying v^etation at the bottoms of ponds or ditches. This wide 
range of habitat is accompanied by an equal diverrity of adaptive modifi- 
catkau and it is in the Ephemeroptera that the most complete types of thue 
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latter are met with among aquatic insects. The general ^ape of the body 
is very variable, but all are campodeiform with evid^t antennae, and usually 
elongate multi-articulate cerci. Both compound eyes and ocelli are well 
developed, and most species possess seven pairs of plate-like or filamentous 
abdominal tracheal giUs which are capable of independent movement by 
special muscles. The nymphs of Ephemera and Hexagenta burrow in mud 
or in tlie banks of streams ; they have elongate bodies with strong fossorial 
legs. The first pair of gills is vestigial, and the remainder are biramous, 
consisting of a pair 
of lamellae fringed 
with long filaments 
which are penetrated 
by tracheoles. When 
necessary the gills 
are carried reflexed 
upon the back, bemg 
protected thereby 
from abrasion. In 
Iron, Epeorus, and 
Heptagenia (Fig. 323) 
the body and appen- 
dages are flattened, 
and the nymphs of 
these genera are 
adapted for clinging 
to rocks in rapidly 
flowing water. The 
gills are laminate 
and each is provided 
with a basal tuft of 
branchial filaments 
ChlsBon and Sil- 
phurus have seven 
pairs of simple lam- 
ellae which project 
from the sides of the 
body : the three 
caudal filaments are 
fringed with setae 
and function as a 
kind of tail. They 
are active swimming 
nymphs living 
among water plants, 
etc. In C cents and Tricorythus the nymphs live in an environment of 
mud and sand ; there are six pairs of gills and the upper lamellae of the 
first pair form opercula concealing the gills behind. The branchial chamber 
thus formed is guau'ded by fringes of setae which preclude the entrance 
of mud or sand particles, held in suspension by the inhalent current. In 
Oligoneuria six pairs of dorsal gills are present on segments 2 to 7 ; each 
giU consists of small, thick, scale-like, non-respiratory lamina with a bunch 
of gill-fiUunents at its base. A pair of similar ventral gills occurs on the 
#r8t segment and a tuft of gill filaments at the base of each maxillaiy 



Fig 323. Nymph A i Iustaks of HjsprdOjsifjA, A, third instar 

X 1 6 . a, abdominal appendage (gill-rudiment ) ; a\ do of later instar 
X 45 B, seventh Instar, anterior region with wing-rudi- 
mentsw; x i 2 , b, abdomm.il giU C, eighth mstar with 
prominent wmg>nidiments (on the right), X 4. e, abdominal 

mil Pram Cnrountnr after VavsaiAre. 
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palpm. Prosopistoma (vide Vayssifere X890) has a most highly modified 
nymph which uses its body as a kind of sucker, attaching itself by this 
means to stones in flowing water ; it can also swim rapidly by means of its 
fan-like caudal filaments (Fig. 325). In this genus there are five pairs of 
gills located in a branchial chamber. The latter is roofed over by a carapace 

formed by the greatly 
- developed pro- and 

✓R,^. meso-thoracic terga, 

which are fused with 
the sheaths of the an- 
Ia,+ terior wings. The side 

walls of the chamber 
• are formed by the pos- 

terior wing-sheaths, 
and the floor by the 
Cua- i : iMf! MAt combined terga of the 

I metathorax and first 

• sue abdominal seg- 

Cuff. ments. Water enters 

Fig. 324.— Fore-wing or Cbikoksteb AtaiMAiricArira Very perfect type 

1,, interpolated branch of R^. 1 ,, I,, interpolated branches of K, la, inter* branchial chamber 

nnlated branch of UA. In, interpolated blanch of media. MA, fork of aiitriioi o Tioif nf lofaral 

branch of media. (Convex veins -f-, concave do. -,) Venation after Morgan. ** pdil Ul idLcial 

apertures and the ex- 
halent stream passes 

through a median opening. 

The morphology of may-fly n5nnphs has been studied in detail by 
Vayssidre (1882) and certain of their more important anatomical features 
may be enumerated. Gills are commonly undeveloped in the newly- 
hatched nymphs : in Ephemera He5mions states 
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Fig. 324, — Fore- WING of Cbironstmb albimanicatub 

I«. interpolated branch of R,. I«. I,, interpolated branches of K, U. inter- 
mlated branch of MA. Iw, interpolated biam h of media. MA, fork of antciioi 
iranch of media. (Convex veins -f-, concave do. -,) Venation after Morgan. 


that they arise as integumcntal outgrowths about 
the fourth day. Their usually flattened form, 
dorsal position and the fact that they are traversed 
by tracheae have led some observers to homologize 
them with wings. The researches of Heymons (1896), 

Zimmermann {Zeits. wiss. Zool. 34, 1880) and of 
Darken {Ibid. 87, 1907) into their development and 
musculature, indicate that they are serially homo- 
logous with legs and are, therefore, to be regarded as 
abdominal appendages which have become adapted 
for respiratory needs. The groups of gill-filaments 
associated with the lamellate gills in many genera 
may also be present as outgrowths of other appen- 
dages including the legs and maxillee. 

The mouth-parts are very completely formed 
and the pecuhar mandibles are strikingly like tho^ " 

of the Machilid® and of certain Crustacea ; their ^ exiuawt.pMtu« of bna- 
bases are similarly elongate, and there is a median -‘Mvayniftte, 

projecting molar area, which is only wanting in the 

few for ms which are presumably predaceous Each maxilla has a single 
lobe, or mala, and a 2 to 4-jointed palp. The labial palpi are generally 3- 
jointed, and the ligula is conspicuously 4-lobed. The hypopharynx is very 
prominent and there is a pair of exceedingly well-developed superlingu®. 

The digestive system is characterized by the great size of the stomach 
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and the Urge number of Malpigfaian tabes : the kttet ox;gans differ greatly 
in character among various genera. They may either open directly into 
the hind-intestine, or combine in groups, each g^oup discharging into a 
separate pyriform sac which, in its turn, communicates with the intestine. 
The circulatory system is very well developed and easily observed. The 
dorsal vessel consists of one chamber for each abdomin^ segment and in 
the metathorax it is continued forwards as the aorta. In Chloson it gives 
off a definite vessel into each of the caudal filaments and the terminal 
chamber acts as a pumping organ driving the blood into these organs : 
here it escapes by means of orifices in the walls of the vessels, and flows 
into the cavity of each filament, probably absorbing oxygen from the 
surrounding water. 

The nervous system presents varying degrees of fusion with respect 
to the ganglia of the ventral chain. The brain is small but, correlated 
with the presence of compound eyes, the optic nerves and ganglia We well 
developed. In Tricorythus there are three thoracic and seven abdominal 
ganglia ; in Oniscigaster the abdominal ganglia are reduced to six and the 
last two centres are closely united. In Prosopistama the ganglia are fused 
into a common thoracic-abdominal centre ; the latter genus, it may be 
added, is highly specialized in other directions also (Vayssifere, 1890). 

Classification. — The order is classified into thirteen families and the 
synopsis given below is based upon the revised classification of Ulmer 
(Peking Nat. Hist. Bull. 7, 1933). 

Superfamily I. Ephemeroidea. Mj + g and Guj of fore-wing diverging strongly 
at base : hind-tarsi with 4 movable joints or less, if a 5th joint present it is fused 
with tibia. 

1 (2). — Sc of fore- wing hidden in a fold and only visible at base ; wings dull and 

translucent ; legs of female short and weak ; 2 caudal filaments. Palin- 
genildsB. 

2 (1). — ^Sc of fore- wing visible throughout its length. 

3 (4)* — Wings translucent in male ; opaque in female ; hind margin of wings with- 

out intercalary veins ; legs weak, fore-legs sometimes long in male, hind- 
legs short and weak. Polymitarcidse. 

4 (3)* — ^Wings transparent and ghstemng; numerous intercalary veins at hind 

margins, especially of posterior wings ; legs strong. 

5 (6). — Cui of fore-wing not forked, connected with margin by veinlets ; fork of R, 

and R4 in hind-wing longer than its stem. EphencieridsB. 

6 (5). — Cuj of fore-wing forked, not connected with margin by veinlets ; fork of 

Rj a^ud R4 in hind-wing not longer than its stem. Potamanthidn. ^ 

Superfamily II. Bsstoldea. Mj 4.4 and Cu^ of fore-wing parallel at their bases ; 
bind tarsi with 4 movable joints, if a 5th joint present it is fused with tibia. 

X (8).-— Sc of fore- wing entirely visible and separated from R. 
a (7).-~MA in fore- wing clearly forked. 

3 (6).— Wings clear with many cross veins; hind- wings seldom absent. 

4 fore-wmg separated from Cu^ at base, but lying close to lA : no free 
intercalary veins between M and Cu. LeptophlebUdsB. 

5 (4). — CU4 in fore-wing close to Cu^ at base, but widely separate from xA ; usually 

2 free intercalary veins between M and Cu. EphemerelUito. 

6 (3).— *Wings milky, fringed on hind margin, often with but few cross veins : hind- 

wings absent (sometimes present in subimago) : small spedes. Cmaidm* 

7 (i). — MA in fore-wing not forked ; wings clear ; fore-wings with few cross veins ; 

hind-wings small and narrow or absent. BmUOm* 

, 9 (l). — Sc of fore-wings not visible, or visible at base only, fused with R or absent : 
t wings milky or greyish with simplified venation : cross veins limited to 

ft.nfjMf'inr nsirf nf mienuMnHita. 
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Mi 4-1 and CO} or fore^wing parallel at thdr 

bases ; lunil tarsi with 5 fm joints. 

1 (2).**^!B0i!n^wing with Cup CU| and lA somewhat parallel and equal in length: 

hind*wing almost circular, with many long intercalary veins : pronotum 
very small. BsstlscidSB. 

2 (i). — ^Fore-wings with Cu^ and Cu, close at base but strongly divergent distally : 

Cuji much shorter and more strongly curved than Cu^ ; hind-wing oval. 
\ (4).— Cui of fore-wing with more or less oblique, sinuous veinlets passing to wing 
margin. SlphlonurldsB* 

4 (3)’ — Cui of fore-wing without such veinlets ; 2 or 4 parallel unattached inter- 

calary veins in cubital area. 

5 (6). — ^With one pair of intercalary veins between Guj and Cug : sometimes vestiges 

of a 2nd pair lying near Cu^ ; 2 or 3 caudal filaments. AmetropodidsB. 

6 (5). — With 2 pairs of intercalary veins between Guj and Guj^, the larger pair near 

Gu 2 ; 2 caudal filaments. Eedyonuridm.. 

(The imago of Prosopistoma is imperfectly known, but probably belongs near to 
the Cssnidae.) 
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Order 12. ODONATA (Paraneuroptera ; Dragonflies) 

P REDACEOUS INSECTS WITH BITING MOUTH-PARTS AND TWO EQUAL OR 
SUB-EQUAL PAIRS OF ELONGATE, MEMBRANOUS WINGS : EACH WING 
WITH A COMPLEX RETICULATION OF SMALL CROSS-VEINS AND USUALLY 
A CONSPICUOUS STIGMA. EYES VERY LARGE AND PROMINENT ; ANTENNAE 
VERY SHORT AND FILIFORM. ABDOMEN ELONGATE, OFTEN EXtTREMELY 
SLENDER : MALE ACCESSORY GENITAL ARMATURE DEVELOPED ON JND AND 
31© ABDOMINAL STERNA. NYMPHS AQUATIC, HEMIMETABOLOUS t LABIUM 
MODIFIED INTO A PREHENSILE ORGAN : RESPIRATION BY MEANS OF RECTAL 
OR CAUDAL GILLS. 

Rather fewer than 3,000 species of these elegant insects have been 

described, and they are in- 
cluded in about 480 genera. 
They attain their great- 
est abundance in the neo- 
tropical region and, with the 
exception of Japan, no part 
of the palaearctic zone con- 
tains an abundant or striking 
dragonfly fauna. Altliougli 
entirely aquatic in their early 
stages, the imagines are by 
no means conned to the 
proximity of water, and the 
females of many groups sel- 
dom fly over such situations 
except for pairing or ovi- 
position. They are essen- 
tially sun-loving insects but 
exceptions occur in some 
oriental species, which are 
only known to fly at night. 
Many are exceedingly swift 
on the wing and, according 
to liUyBxd, AmtrophleUa can 
fly at a speed of nearly 6(i 
miles per hour : other species, particularly those of Calopteryx and Agrion, 
possess feeble powers of flight and may be caught with the greatest ease. 
Although no existing member of the order can compare in size with the 
Upper Carboniferous Meganeura, which has a wing expanse of over two 
feet, the females of Megahprepus coeridatus Druiy measure about 190 mm. 
{7J in.) from wing to wing. 

. Probably nowhere have Odonata attracted so much attention as in 
VJapw, where representations of these insects in art, and allusions thereto 
m Uteratuie, are very numerous : many of the species were recognized 
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individually by the populace and known by vernacular names long before 
entomologists began to study them. Comparatively little information 
exists as to the food of different species of these insects. It is captured 
on the wing and held by the 
prehensile legs while being de- 
voured. Most orders of winged 
insects are preyed upon, includ- 
ing other Odonata, Hymenop- 
tera and Coleoptera (vide Cam- 
pion, Ann. Mag. Nat. Hist. 

1914 ; Poulton Trans. Ent. Soc., 

1906). Tillyard has recorded 
species preying upon Culicidae 
towards dusk, and Fraser states 
that the latter insects are cap- 
tured by certain night-flying 
Odonata. Although the great 
majority of the order .seldom 
travel far from their restricted 
haunts, certain species possess 
strong migratory instincts, more 
especially the European Libel- 
lula quadrimaculata. Great 
swarms of the latter insect have 
frequently been recorded and Fig 327. EnopuiKHu svpiKSTiii, Female. Japan, 
they sometimes travel many Axlapted from Oe Selys with the wmg venation after Mims. 

miles out to sea. Hemicordulia 

tau has been noted by Tillyard occasionally to swarm in a like manner in 
Australia. 



Odonata are noted for the beauty and brilliancy of their coloration 

and no order equals them in the wonderful 



Fio 3a8. K Zygoptbrid Dragoh- 
ply (Aojuoit pvsila), Male. 
Britain. 


development of body colours. In addition 
to pigmentary and structural colours, a 
whitish or bluish pruinescence is often pre- 
sent, especially in the males. It appears to 
be correlated with the maturation of the 
gonads and is exuded through fine cuticular 
pores, appearing as a kind of " bloom ” as 
on certain fruits. Since it is of the nature 
of an exuded supra-cuticular pigmentation 
it is easily removed by rubbing and wear. 
In the female it is much less frequent and 
develops at a later period in life. 

Among dragonflies a bicolorous pattern is 
the most primitive, unicolorous forms being 
a later development. Many unicolorous 
males have bicolorous females, and newly 
emerged members of the former sex often 


exhibit traces of an original bicolorous 


marking for a shorter or longer period. Among the tribe Agrionini the 
females axe often dimorphic, and one or other colour form may closely 
resemble the male. In the common Jschnura elegans, for example, the pre- 
dominating or normal colour form of the female is extremely like that of the 
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nw>te : tlie notr ot ** hetanraioipluc ** fettialte am tmapkaataoBy itutiked 
'wilb orange, which is wanting in the normal form. Most Odonata poi^s 
l^ialine wings but there are, howevo*, certain groups which have conipicu- 
ouidy coloured alary organs. Thus among species of Calopteryx the males 
have metallic blue or green wings. In the Australian and £. Indian 
Bkinocypha the metallic coloration reaches its maximum and consists of 
a combination of glistening reds, mauves, purples, bronzes and greens 
utterly bafiling description (Tillyard). In Rhyothemis the wings are also 
exquisitely coloured with metallic green, purple or bronze. 

Odonata are represented in the British Isles by 42 species (vide Lucas, 
1900) while there are several others whose inclusion in the fauna is open 
to doubt. The best general work on the order is that of Tillj^d (1917) 
which has been invaluable in preparing the present chapter : t]be work of 
Ris (iqoq) on the German soecies should also be consulted. 

The Imago . 

Bxt ernal Anatomy. — The form of the head (Fig. 329) in dragonflies 

has become modified in correlation With the 
great development of the ^es. The latter 
in many Anisoptera, meet mid-dorsally anc 
compose by far the largest part of th< 
cephalic region : in the Zygoptera the eyes 
are much smaller and button-hke, but then 
range of vision is increased by the trans 
versely elongated head. The antenna an 
always very short and inconspicuous : thej 
are composed of 3 to 7 joints, the lattei 
number being usual, and have poorly de 
veloped sense organs Experiments in am 
putating one or both antennae have beei 
made by Tillyard who finds that the insect 
suffer no inconvenience by their removal 
and fly with the usual facility. The reduc 
tion in the development of these organs ii 
correlated with the increased power of th< 
compound eyes. The motUih-parts (Fig. 330' 
are entirely of the biting and masticator] 
t3pe. The mandibles are stout with exce^ 
ingly powerful teeth, and the jst maxitk 
carry a lobe^like un jointed palpus and a dentate mala. The moipho 
logy of the labium has given rise to considerable controvert. On referrini 
to Fig. 330 it will be seen that the prementum is expanded by the develoj 
ment of side-pieces or squama and each squama carries the lateral lol 
of its side. The inner border of each lobe terminates in an end hook an< 
aiigh tly external to the ktter is a small movMe hook. The prementur 
catries a single distal lobe or ligula which is often medianly deft. In th 
libellulidse the movable hook is wanting, the end hook and median lob 
axe vestigial, while the two lateral lobes are greatly developed. 

Ihe head is exceptionally mobile and attached to an exceedingly sto 
•lender neck region which is supported on either side by four cervi< 

fMjrothorax. though greatly reduced, remains a distinct segjau 



FXO. 329* Head of A, Anxsc 
TERA : B, Zygoptera 

Antenna; du po8t<lypeus, d$, u 
el3^w ; /, Irons , ^ gena ; i. labni 
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wbOe Mw <WB 90 * sod are itttiniately lusad together. Tbt two 

lattet sfwments are peculiaify modified in conformity with the require* 
mente of the legs and wings (Fig. 331). The legs have shifted their 
attachments an- 
teriorly and the 
sterna have 
migrated along 
wiSr them. The 
wings, on the 
other hand, have 
moved posteriorly 
and the terga have 
shifted likewise. 

Although the 
sterna and terga 
of these segments 
are reduced their 
pleura are very 
greatly developed. 

Tlie mesepistema 
extend forwards 
and dorsalwards 
so as to meet in 
front of the meso- 
tergum to form 
the dorsal carma: 
by this means the 

j ^ 1 3 v^, laoium ana n nypopnarynx w», pieiui.iixuui, mi, pusxuiMiuiui mi, mcaian iod® 

tCrgE 3 .r 6 pUSnCCl (Ugulaj , ll Idtual lobo (pftlp} with tkt end hook and mA, movable book, squama 

backwards and Ue 

between the wing bases. The metepimcra on the contrary have grown 
downwards and backwards, usually fusing ventrally behind the metaster- 
num. In this way the sterna become pushed forwards and the legs come 

to lie close behind the mouth, 
being enabled thereby readily 
to hold the prey. The legs 
are unfitted for walking but are 
of some value for climbing, 
and the tarsi are 3-iointed. 

The WINGS (Figs. 332 and 
333) exhibit but slight diver- 
sity of form and size in the 
two pairs, while in the Agrio- 
nidae they are almost identical. 
The veiidets are developed to a 
remarkable degree and form a 
331. Lateral View of Thorax of Caiop- complex reticulum, giving rise 
. w. . '^^***‘ .. 1 j *0 number of often 

•tfifit abdomilua ■egoient; c, ooza; ea, dorsal carhaaj am, ^ 

^Piparon ; tt, episternum (es» and are divided into suiftta- and milllltC C6US. in 3 . Sm§l6 WUIff 

ifeurothcms according to 
Tillyard there are over 3,000 
cells. A very characteristic feature is the stigma whidi is formed by a 
thickening of the wing membrane between C and R. This structure is 
P^tly elongated in Petulura, almost square in Ischnura while in Calop- 




Fig 3 Jo. Mo\J\H-vhn.TS ov CoRvvt to is rrn annvlatus, 

B, loft maxilla (vmtial), c. rardo r, stilus m mala Pipalp 


A, left mandibk 
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ii^* it is either ab^nt (in the male) or represented by a false stigma 
(in the female). With re^d to the principal veins, C extends to the 
wing apex, Sc lies some distance below and terminates at the nodus, R 
and M fused basally and also Cu and A. The distal end of Sc is 
united with C by a thickened cross vein which forms a well defined “ joint " 



Fig. 332. — A. Venation of an Anisoptertd Dragonfly (Chief Features only). B, op 

A Zyoopterid Dragonfly. 

are, arculus; /Rg, Intercalated win ; », nodus; pterostigma ; quadrilateral ; s, supra tiianglc ; subnodus, 
f, triangle. 


or nodus on the wing margin. Recent work by Lameere, Tillyard (1928) 
and others has greatly modified previous interpretations of the venation. 
Study of the primitive fossil dragonfly Kennedya sliows that, in all members 
of the order, vein M is represented by its convex division MA only (M, of 
most writers) while, of the cubitus, the concave branch Cu, alone persists. 



Fig. 333. — ^Basal Akba of Fore Wing of A, an Anisopterio, and B, a 

Zygoptbrio. 

itV teooiidary anal vain ; subquadrilateral ; aubtriani^ Other tettering as in Fig. 33^* 

The downwardly bent stem of Rs + M, together with the thickened cross- 
vein below it, form a characteristic feature — ^the arculus, which joins Cu. 
The discal cell is of great importance and, in the Zygoptera, it is often 
termed the quadrilater^, which is an area enclosed by MA above, Cu, below, 
the lower part of the arculus basally and a thickened cross>vein distally. In 
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the Anisoptera this cell is subdivided into the triangle and snpra>-iriangle. 
The former is a triangular area formed by Cu basally and by two thickened 
cross-veins costally and distally : the supra-triangle is the area from the 
arculus to the distal angle of the triangle. 

The ABDOMEN (Fig. 334) is always greatly elongate in proportion to 
its breadth, and in extreme cases it is so attenuated as to scaredy 
thicker than a stout bristle. Ten complete segments are evident, while 
according to Heymons vestiges of an nth and of a 12th segment are also 
recognizable. The tergum of the nth somite is represented by a median 
dorsal tubercle and its sternum by paired mfenor tubercles. The 12th 


segment consists of three 
small processes immediately 
surrounding the anus : — a 
median dorsal lamina supra- 
analis and paired latero- 
ventral lamina infra-anales. 
In the males of those Ani- 
soptera which have angu- 
lated hind-wings a pair of 
lateral outgrowths or auricles 
are present on the 2nd ter- 
gum (Fig 334c) : in some 
cases they occur in the 
females also but are reduced 
in size. In all Odonata a 
pair of supra-anal appen- 
dages arise from the loth 
tergum : they are well de- 
veloped in the male but 
reduced or vestigial in the 
female. The males of the 
Anisoptera are also charac- 
terized by the presence of a 
median tnfertor anal appen- 
dage belonging to the nth 
somite and situated above 
the anus. In the Zygoptcra 
it is paired and situated 



334 • CoHDViFaisTBR A, lateral view of male 
genitalia B, ventral view of terminal abdominal 
segments of male C, ventral view of male copu- 
latory apparatus D, CAioy/niJX, doisal view 
of male genitalia. E, JEscsm, lateral view of 
terminal abdominal segments of female with left 
parts of ovipositor slightly separated 


below that aperture (Fig 
334D). During pairing, m 
all Odonata, the female is 


a auricle* Of, inferior, and as, superior anal appendages, af, pf, 
anterior and posterior sternal lantinsD , ga, genital R;>eTture , h, hu 
hamtilsD , f, lamina supra analis , fo, lamina luf ra analis , p, penis with 
Its sheath , pv, penis vesicule ; $, sternum , /, tergum , /r, terebra; 
w, valve. 


grasped by means of the 

mal appendages of the male, the superior pair establishing a firm grip 
in the region of the neck (among Anisoptera) or prothorax (among Zygop- 
tera) while the inferior appendage is pressed down upon the occiput. In 
the Zygoptera the inferior pair is usually too short to reach the head. 

The copulatory organs of the male (Fig. 334c) are quite unique in the 
animal kingdom, being developed from the 2nd and 3rd abdominal sterna, 
whereas the true genital aperture opens on the 9th segment. On the 2nd 
sternum is a depression or genital fossa in which the copulatory organs are 
loc^;ed and its walls are supported by a complex chitinous framework. The 
fossa communicates posteriorly with a small sac — the penis vesicle which 
ia devdoped from the anterior portion of the 3rd sternum. The penis 



aiises from this vesicle sad. in the Asisgpteca, it fonrn « compkdc jdiiited 
organ provided with an orifice on its convex surface. In the 2 ygopter<i 
its only commimication is with the body cavity and there is no distal 
aperture. One or two pairs of claspers or hamult are associated with the 
penis and serve to guide and retain the ovipositor in position during copula- 
tion. The posterior pair of hamuli is imiversal but the anterior pair is 
only met with m the .^schnidae. Great variation of structure is exhibited 
by the genitalia in various genera and for detailed information reference 
^ould be made to the works of Selys-Longchamps and Hagen (1858) 
and Thompson (1908). Owing to the wide separation of the copulatory 
organs from the genital aperture, the spermatozoa have to be transferred 
to the penis vesicle, prior to copulation. In the female the external geoitaha 
consist typically of three pairs of ventral processes or gonapophyses which 
constitute the ovipositor (Fig. 334E). Among the Zygoptera the anterior 
and median gonapophyses are slender structures often adapted for cutjang 
these together form the terebra. The lateral gonapophyses or valveiji are 
broad lamellate organs each terminating in a hard pointed style whi^ is 
probably tactile in function. Among the Anisoptera various stages in re- 
duction of the ovipositor may be trac^, which are correlated with different 
methods of oviposition. 

Internal Anatomy. — Most of the internal organs are greatly elongated 
in conformity with the length of the body in these insects. The alimentary 
canal is an unconvoluted tube throughout its course. The oesophagus is 
long and slender, expanding into a crop at tlie commencement of the 
abdomen. A rudimentary gizzard is present but its armature of denticles 
is either very weak or absent. The mid-intestine is the largest division of 
the gut and extends through the greater part of the abdomen : it is devoid 
of enteric coeca and is followed by a very short hind-intestme. Attached 
to the latter are from 50 to 70 Malpigluan tubes which unite m groups 
of five or six, each group discharging into the gut by means of a common 
conduit of extremely small cahbre. Six longitudmal rectal papillae are us uall y 
present. The nervous system is well developed and exhibits comparatively 
little concentration. The brain is transversely elongated and is charac- 
terized by the great development of the optic gangha, which is in correla- 
tion with the large size of the eyes. The ventral nerve cord consists of 
three thoracic ganglia and seven evident ganglia (2nd to 8th) in the 
abdomen, the ist abdominal ganglion being amalgamated with that of 
the metathorax. A well-developed ^rmpathetic system is desenbed by 
Brandt in LibeUula. The circulatory system has not been studied in any 
detail but appears to be very similar to that of the nymph, with the excep- 
tion that a ventral blood sinus is present in the imago in close relation 
with the main nerve cord. The tracheal system consists of three pairs 
of principal longitudinal trunks which give off segmental branches. It 
communicates with the exterior by means of ten pairs of spiracles situated 
on the last two thoracic and the first eight abdominal segments.. The 
maU reproductive organs consist of a pair of very ebngate tesUs extending, 
in JEschna, from the 4th to the 8th abdominal s^^ments ; each organ is 
composed of a large number of spherical lobules in which the spermatozoa 
are developed. The vasa deferentia are rather riiort narrow tubes which 
enter a common duct just above the genital aperture. The cmnmon passage 
is dilated dorsally to form a conspicuous sperm-sac. The spermatozoa 
adhere in a radiatii^ fashion forming rounded masses or sperm-capsules, 
eadi of the latter being apparently derivedfrom a single lobule of the testia 
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Th«s« <^p8ctl«s are somewliat iteudlagiiums externally wd are alda]pted 
for traneference from the ninth to the second segment, joior to copulaticni. 
The female reproductive organs are characterized by the great size and 
length <rf the ovaries which extend from the base ot the abdomen dovm to 
the 7th segment. Each ovary is composed of a large number of longitud- 
mally arrai^ed panoistic ovarioles. The two oviducts are very short and 
open into a large pouch-like spermatheca in the 8th segment. A pair of 
accessory glands commumcate by means of a common duct with the dorsal 
side of the spermatheca. 

Structure and Biology of the Developmental instars 

Oviposition in dragonflies may be either endophytic or exoph3^ic. In 
the latter case the eggs are rounded and arc either dropped freely into the 
water or attached superficially to aquatic plants. This method is the 
rule among the Anisoptera, with the exception of certain ^Eschnidae. In 
Sympeirum and Tetragoneuria the eggs are laid in gelatinous strings attached 
to submerged twigs. Endophytic oviposition is characteristic of the 
Zygoptera and the subfamilies iEschninae and Petahirinae of the .Eschnidse 
(TiUyard). Dragonflies adopting this method have elongate eggs which 
they insert by means of slits cut by the ovipositor in the stems and leaves 
of plants or other objects, near or beneath the water. In some cases the 
female (alone, or accompanied by the male) descends below the water- 
surface for the purpose. 

Before the nymph emerges from the egg a peculiw pulsating organ or 
cephalic heart appears in the head of the developing insect. The pressure 
exerted by this vesicle is the immediate cause of hatching, since it forces 
open the lid-hke anterior extremity of the egg. The newly hatched inse^ 
is known as the pro-nymph : at this stage it exhibits a more or less embryonic 
appearance, the whole body and appendages being invested by a ddicate 
chitinous sheath. The pro-nymph is of extremely brief duration, lasting 
but a few seconds in Anax (TiUyard) and for two or three minutes in Agrton 
(Balfour Browne). At this stage the pulsations of the cephalic heart 
mcrease in frequency and the pressure generated by this organ also serves 
to rupture the pro-nymphal sheath. The insect which emerges is in its 
second instar : it is now a free nymph fully equipped for its future life. 
The nymphs of the Odonata are campodeiform and may be divided into 
two mam t3q)es — the Anisopterid and the Zygopteiid. In the former the 
body is terminated by three usually small processes, viz. — a median appendix 
dorsalis and a pair of lateral cerci : when closed they form a p}nramid 
which conceals the anus (Fig. 335). Respiration takes place by means (rf 
concealed rectal tracheal gills In the Zygopterid tyxie the three terminal 
processes are greatly developed to form caudal gills, and rectal trache^ 
gills are want^ (Fig. 336). The nymphs are exclusively aquatic, living in 
various situations in firesh water. Many live hidden in sand or mud, etc., 
and are homogeneously coloured without any pattern- Those which live 
on. the river bottom or among weed exhibit a critic pattern which tends to 
conceal them from enemies and prey. Certain species cling to rocks and 
tend to simulate the colour of the surface which they frequent Dragonfly 
ny mp hs are also able to diange their general coloration in accordance 
lidtb differences in their environment. Without exception aU the qiecies 
iMfe predaceous; feeding upon various forms of aquatic life, the nature 
0l Ih* food depending upon the age of the nympha When advanced 
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lit Hfe they ai* particularly addicted to Ephemerid nyinpha and Colidd 
larvK as well as nymphs of their own and other species of 0 <^ata. The 
larger dEschnine nymphs will also attack tadpoles and occasionally small 
fish- The number of instars that intervene between the egg and the 

imago varies in different species and also 
among individuals of the same species. It 
ranges between about eleven and fifteen and 
the whole nymphal period may be passed 
through within a year as in most Zygoptera, 
or occupy two years as in JEschm, or may 
even last from three to five years. The prin- 
cipal external changes involved during meta 
morphosis include an increase in the size of 
the compound eyes, and during the last few 
instars ocelli become evident : the anitennal 
joints increase in number, and the wini^rudi- 
ments undergo certam changes with the atesult 
that the developing hind-wings overlap th^ an- 
tenor pair : the wing-bearing segments increase 
in size, and changes are evident in the caudal 
gills among the Zygoptera 
, When the 1^0 IS aproachi^ the time 
ma fajLTMUBf. x i-6 for emergence the nymph ceases to feed and 

■w— . .• — I ., m 1 T — appears tense and swollen. The thorax in 

particular becomes noticeably inflated and the 
wing-sheaths become sub-erect. The gills are no longer functional and at 
the same time the thoracic spiracles are brought into use, the nymph par- 
tially protrudmg itself from the water in order to breathe the atmosphere 
When the internal changes are complete the n5anph chmbs up some suit- 
able object out of the water and fixes its claws 
so firmly in position that the exuviae remains 
tightly adherent to the support long after th< 
imago has flown away. The n3mph remains 
stationary and sooner or later the cuticle splits 
along the mid-dorsal line of the thorax, ths 
fracture extending forwards to the head, Ths 
imago th^ withdraws its head and thorai 
through the opening, the legs and wings be 
come freed, but the abdomen is not yet full; 
drawn out from the exuviae. The insect usually 
hangs head downwards until the legs attaii 
strength and freedom of movement. The with 
drawal of the abdomen forms the final act, an( 
the insect crawls away to rest until the wings pio 3,6. Nymi i of Cdto 
sand abdomen are fully extended (Fig. 206) tnrx MPuurBMi r. x vxs- 
A variable period elapses before the imagfiia non • dnwb« br w. j. sukm 
oedouT pattern is fully acquired and tenerai 

foems, or individuals which have not yet developed their mature colon 
tian, are very commonly observable on the wing. 

The main difference between the head of the nymph and that of th 
Imago is found in the labium. In the nymph this organ is modified fc 






Fig 337 — ^Nymph of 

A WAX IMPXRATOn WXTH 

Mask extended anp 
Seizing Prey x *8 

From draiviog by W. J 
Lucas 


THE mw ^ 

p{d)«uisito porpoaes and is known as tlie ma^ (F%. 338) from tho kact tliat 
it ooniceals the other mouth-parts. The prementum 
and postmentum are markedly lengthened, and 
there is a great freedom of movement between the 
two parts. The ligula is undivided and represented 
by a median lobe which is fused with the mentum. 

The labial palpi are modified to form lateral lobes, 
each of which carries on its outer side a movable 
hook. The n3nnph utilizes its mask entirely for the 
capture of prey (Fig. 337). In a position of rest 
the postmentum is reflexed between the bases of the 
legs with the prementum hinged upon it ventraUy. 

V^en about to seize a victim the mask is thrown 
forward and extended with lightning rapidity and 
the prey impaled on the movable hooks. 

The prothorax in the nymph is always longer 
than in the imago : in advanced n3nnphs the meso- 
and meta-thorax are closely fused. The legs are 
considerably longer than those of the imago and the 
femoro-trochanteric articulation is modified to form 
a breaking joint. By a sudden contraction of the 
trochanteric muscles the intervening membrane can 
be ruptured, and the limb discarded should it be seized by a predatory 

insect. Ten segments are clearly re- 
cognizable in the abdomen and accord- 
ing to Heymons (1904) the nth and 
I2th segments are also present in a 
much reduced condition (Fig. 339). 
The eleventh segment is represented 
dorsally by the base of the dorsal 
appendage (to be described below) and 
its sternum by the bases of the cerci. 

The twelfth tergum persists as the 
lamina supra-analis and the laminae sub-anales 
represent the divided sternum of that segment. 

Three large appendages can be readily made out 
in the nymphs — a median dorsal appendage and 
two latero-ventral cerci : these structures form 
the caudal gills of the Zygoptera. From the 
fourth or fifth instar onwards a second set of 
appendages appears and gives rise^ to the 
imaginal genitadia. They consist, in both 
sexes, of a pair of smaU pointed structures 
(tihe cercoids of Heymons) l3nng above the 
cer<A : the superior appendages of the male 
imago and the anal ap^dages of the female 
are derived from these organs. At the final 
metamorphosis the median dorsal appendage 
is cast ofi, but in male Anisopt^ a smsdl 
ba^ process persists as the inferior append- 
age of (he adult. The cerd disappear except 
in m ales of the Zygoptera whose inferior appendages are devdbped withhi 
thnr 
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5M, postinentum , M, prementuai; ML, xaedian 
lobe, Fipalp, JIfH, movable hook 



Fig. 339 — Diagram of 
Anal Appendages of a 
Dragonfly Nymph vibwFd 

FROM BEHIND WITH THE 

Median Dorsal Appendage 
(D) Lifted Upwards. Based 
ON Heymons. 
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llutt 4rf flli iitiago ia severctl {<atiu«s. Toe gtsEwo, sor csaimw, n a v«ry 
blgfiiy specialized <»rgait provided with internal denticle«beanng feasted- 
iaal ridges : the latter are either four or some multiple of four in number 
■mong difierent groups of the order. The mid-intestine is considerably 
ihorter than m the unago, and the Malpighian tubes at first number only 

three but gradually increase at each 
instar until the rail complement is 
acquired. The nervous S3rstem is 
more especially diaracterized by the 
presence of eight abdominal ganglia, 
the first centre in that series being 
quite distinct from the metathoraac 
ganglion although becoming fused with 
the latter m the imago. The diteola- 
tory system has been studie^ by 
Zwarsm (1911) in Mschna The 
consists of eight chambers correspbnd- 
it^ with the and to 9th abdommal 
segments m which they he* alary 
muscles are only present m relation 
with the two hmdmost chambers The 
respiratory system presents features 
of exceptional mterest and has been 
investigated more particularly by 
Oustalet (1869), Sadones (1896) and 
Tillyard (1916) Spiracles are present 
on the meso- and meta thorax but 
only the mesothoracic pair is well 
developed and is functional when the 
larva has occasion to leave the water 
The metathoradc and abdominal 
spnrades are small and usually non- 
functional. Special respiratory organs 
in the form of tracheal gills are pre- 
sent in the n3mphs of aU dragonflies 
In the Anisoptera they take the form 
of rectal gills which form an elaborate 
and beautiful apparatus known as the 
branchial basket. In most Zygoptera 
the re^iratory organs are caudal s^Us, 
while in a few- rare cases latmal 
abdominal gills are also present. 
These three types are treated sqiar- 
atdy below. 

(x) The BRANCHIAL BASK£T.--Thii 
structure is formed by the expand 
anterior two-thirds of the rectum, which assumes the form of a bar^lfic< 
(6tiaraber(Fig.340). The gills are primarily devdoped as six longitudinal fdid! 
ctf the redal wall and are hmnol^us with the six rectal pajpillse. tlMj 
nm covered with an extreme^ delicate cuticle and the undedymg 
Ivrir b modified to fmm a syncytial core which b penetrated by tradbUM^ 



Ao. 340.---I. Hikd-Iktsstinb of a 
Nymfh op Mhcmna showing Trachbax 
Supply* Atter Ousxalbt II Dia- 
grammatic Transvbrsb Section oi 
Rbctuk of the Nymph oi 
AvMmMoxiNiua. ADAVT«t> FROM Till* 

o va 

GF, qrow*iicild; JD. dorsal tracheal tmnk, B 
pOmuy affareat trachea* aeooiidary do , LP 
iSBSdiiial fold • M, arid iateatiae , MT, l^ighiai 
Mii, B, xectUBi; F* viaoetal traiftieal trank. 
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IS itit mwnl mode cd ptogresskm, Six sanies i»f pruiQsxjr efferasit traelied^ 
cceamy tb« ox)^. taken up by the giUs from the watar, to the niwhi 
ioi^gltodinal tranks of the body. Each primary efierent trachea dividti 
mtb two secondary efferents whi^ give off a vay large number of tracheojes 
tothegOls. Each tracheole forms a complete loop withm the gill, returning 
to the same secondary efferent from which It arose. The gill system may be 
either simplex or duplex in character (Fig 341 ). In the simplex system ^ere 
ate six prmcipal lon^tudmal gill folds supported right and left by a double 
saies of cross folds. The simplex system is divisible mto two types, the 
undulate and the papillate. In the undulate t3rpe the free edge of each 
gill-fold is undulated or wavy in character This is the pnmaiy type of 
gill which persists throughout hfe m the more archaic groups (Coraule- 
gastennse, Petalurmae and m Auslrogomphus). In most of the Gomphine 
all the gill folds are broken up mto elongate filaments forming wluit is 
termed the papillate type. This specialization brings about greater respir- 



Slo 341 —Portions of the Fresbly-opbnbd Branchiai, Basket, to show Form of Giua 
I, iiiidlulate simples , B, imphoste » C, foliate , D, paplUo-foUate; B, F, lamellate Afttr TiUyard, 0/ 


iiory efficiency smce each filament is bathed on all sid^ by the water. 
The duplex system is a secondary development and differs in that the main 
longitudinal folds are either non-functional or wanting, the gills being 
enlmxly formed from the double series of cross-folds. Three main t]rpes 
in t^ system are recognizable and depend upon the form assumed by 
ito gills. The implicate type occurs in the tribe Brachytronini of the 
niUEamily .Sschnmae. The g^ resemble a series of obliquely pla^ concave 
eiightly overlajqiing one another. In the foliate type, which is found 
ii^ the iSschnini, ea!^ gill is basally constricti^ and leaf-hke in form. The 
wMeilate type occurs in the famuy Libelluli<fre : the gills appear as fikt 
projecting into the cavity of the rectum and are attach^ by broad 
. For full details concerning the ty^ of rectal gills and the difiw* 
in their tracheal supply reference mould be n^de to an important 
^ TiSyaid (19x6), 

CAtTDAl GILLS.— Nearly all Zygopterid i^];dis possess three 
‘tniffieal gills at tlm hinder extien^C^. 330). Themediani^li 
* is derahiped from ffie appendix domlia, while the two laleni 




^ monstxth 

dils ait darived from the cerd. In the ;^oun£f nymjph the eandail gSk are 
filamentoas and hairy, but they soon acquire a triquetral form (Le. ttiaheulai 
in crose-section). The triquetral gill is retained throughout life in a few 
cases, as for example in the lateral ^Us of Calopteryx. In most instances 
it either becomes swollen (saccoid g^) or flattened (lamellate gill). 

The problem of respiration in Zygopterous nymphs is reviewed by 
Calvert (1915) and is in need of fuller investigation. The caudal gills are 
evidfflitly not the only respiratory organs and the amputation of these 
appendages does not lead to the death of the animal It would appear 
that the n3rmphs of this sub-order also use the rectum as an auxiliary respi- 
ratory chamber. The rectal papillae, however, have no special tracheal 
supply and presumably function as blood gills : the latter are not to be 
ccmfused with the rectal tracheal gills of Anisoptera. The general body- 
surface, certain of the spiracles and, in rare cases, the lateral abdomi- 
nal giUs (vide below) all contribute to satisfying the respiratory needs 
either in different stages or in different species of Zygoptera. 

(3) The LATERAL ABDOMINAL GILLS.— These occur on either Side of 
the 2nd to 7th or 8th abdominal segments in a few primitive gen^a of 
Calopterygid®. They are attached towardi the ventral surface and are 
filamentous in form. Possibly they are to be regarded as persistent true 
abdominal appendages. 

Glassification of Odonata 

The Odonata are separable into two main sub-orders and five families, 
all of which are represented in the British Isles The Anisoptera are 
strongly built, swiftly flying insects and include the larger members of 
the order. The Zygoptera are weak, slender-bodied insects with a poor 
capacity for flight and are usually smaller msects. The following classi- 
fication is based upon that of Tillyard (1917). 

Sub-order I. ANISOPTERA 

Wings held open in repose : hind-wing always more or less broader 
near base than fore-wing. Eyes not separated by a space greater than 
their own diameter. Discal cell divided into triangle and super-triangle. 
Male with one inferior anal appendage. Nymphs with rectal tracheal gills. 

FAM, 1. iESCHNIDiB. — triangles very similar in both pairs of wings, 

PLACED EQUALLY DISTANT FROM ARCULUS. ANTENODAL VEINLBTS NOT PREDOMl- 
KAKTLY COINCIDENT IN COSTAL AND SUBCOSTAL SERIES. LABIUM WITH A LARGE 

median lobe not overlapped by lateral LOBFS which have a movable HOOK 
Gcmphus, Petalura, Cordulegaster, Mschna, Anax. 

FAM. 2. LIBELLULIDiE, — ^triangles dissimilar in the two pairs of wings, 
not equally distant from ARCULUS. ANTENODAL VEINLETS PREDOMINANTLY CO- 
INCIDENT IN COSTAL AND SUBCOSTAL SERIES. LABIUM WITH A SMALL MEDIAN LOBE 
OVERLAPPED BY LARGE LATERAL LOBES WHICH HAVE NO MOVABLE HOOK. CordulWt 

LibeUula, Sympetrum, Leucomma, Tnthemis, 

Sub-order II. ZYGOPTERA 

Wings hdd closed over abdomen in repose : fore- and hind-wings closely 
nlflce with narrow bases. Eyes separated by a space greater than thear 
dorsal diameter. Discal cell a simple quadiilateraL Male with two inferior 
Mtud appendages. Nymphs with caudal gills. 

IjliM $. caLOPTiKVon>^r-wniG« sBuxni 0WTiMcn.y nmoLant, oaiiia* 
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BAtK s i«t AxioBfi mok Xtx, kAB MtoxtKAtLV TD NOPPi. Cah^Myx, Wtimj/piM* 

DtpkUhd. 

tAM. 4. LBSTlDjftir— WINGS distinctly NBTIOLATE, rarely COLOP^na. 

ANtftNOOAL VSINLBTS VARIABLE IN NUMBER: NODUS VARIABLE IN POSITION: IR, 
fused WITH Rs FOR SOME DISTANCE, LEA^G IT VM AN OBUQUE VEIN VERY LITTLE 
arrangement OF CROSS-VEINS IN TRANSVERSE SERIES Listes, Syniestes 

FAM. 5. AGRIONIDA.— WINGS distinctly petiolate, rarely coloured, 
antenodal veinlets two nodus rarely more than ^ of wing length from 

WING BASE. IR, GENERALLY ARISING AT SUBNODUS CROSS-VEINS ARRANGED IN 
TRANSVERSE SERIES. Agfton, Plotycnemts, Ischnura, Pyrrhosoma, Enallagma. 

Sub-order III ANISOZYGOPTERA. 

This sub-order was established by Handlursch for a group of Liassic 
Odonata which appear to have combined the characters of sub-orders I and 

11. At the present day it is only represented by the genus EptopMebta 
(Fig 327) wluch has been referred to the family Lestida The genus is 
known from a smgle species of imago from Japan and a species of nymph 
from India The imago has the Zygoptend venation and the body-form 
of the Anisoptera, while the n}rmph has the general facies, labial mask and 
anal appendages of the latter sub-order (vide Tillyard, Rec. Ini, Mus. 22), 

Literature on Odonata 

A good bibliography of the ordei is given by Tillyaid ( 1917 ) and only a selecbon 
of works IS enumerated below 

BALFOUR- BROWNE, 1909 .-The Life-History of the Agnomd Dragonfly Proc 
Zool Soc CALVERT, 1911-15.-Studies in Costa Rican Odonata 1-VII Enl, 
News, 22-26 HEYMONS, 1904.-Die Hinterleibesanhange der Libellen und ihrer 
Larven Ann Hofmus, Wten 19 . LONGFIELD, 1937 .-Dragonflies of the British 
Isles London LUCAS, 1900 -British Dragonflies London — 1930.-lhe 
Aquatic Stage of Bntish Dragonflies London Ray Soc NEEDHAM and HEY* 
WOOD, 1929.-Dragonflies of N Amenca Springfield Mass OUSTALET, 1869.- 
Note sur la Respiration chez les Nymphes des Libellules Ann Set Nat Zool set 5 , 
II RIS, I909.-Odonata in ‘ Susswasserfauna Deutschlands ” Jena SADONES, 
1896.-L appareil digestif et respiration larvaire des Odonates La CeUuk, 11 
SELYS-LONGCHAMPS and HAGEN, 1858.-Monographie des Gomphincs Bnibsels 
THOMPSON, O. S., I908.-Appondages of the second abdominal segment of male 
dragonflies NY State Mus Bull 124 TILLYARD, 1916.- On the Rectal Breath- 
ing Apparatus of Amsoptend Larvae Joum Ltnn Soc Zool 33 — 1917 .-The 

Biology of Dragonflies Cambridge — — 1928,-1 he Evolution of the Order 
Odonata Fart I Introduction, etc Rec Indtan Mus 30 ZAWARSIN, 1911* 

12, -Histologische Studien uber Insekten i Das Herr der £schnalarvcn Zett. 
wtss. Zool 97 . 2 . Das sensibel Nervensystem de ^scAwo-larva Ibtd 100 




Order 13. THYSANOPTERA (Physopoda : Thrips) 



I MALL OR MINUTE SLENDER-BODIED INSECTS WITH SHORT 6- tO Q- 
JOINTED ANTENNiE AND ASYMMETRICAL PIERCING MOUTH-PARTS: 
MAXILLARY AND LABIAL PALPI PRESENT. PROTHORAX WELL DEVELOPED, 
y l EREE : TARSI I- OR2-JOINTED, EACH WITH A TERMINAL PROTRUSIBLE VESICLE. 

. WINGS WHEN PRESENT VERY NARROW WITH GREATLY REDUCED VEn| 

AND LONG MARGINAL SET2S. CERCI ABSENT. METAMORPHOSIS 
, PANIED BY AN INCIPIENT PUPAL INSTAR. 

V. The insects comprised in this order are commonly known as ’ th^ 
majority vary in length from to | of an inch, the smaller 
^<j!|»ing by far the most prevalent. They are mostly yellowj yellowi^- 
y ^brown or black in colour and are found among all kinds of growing v^eta* 
both on the flowers and about the foliage : others frequent moist 
decaying plant remains, particularly wood and fungi. Some species are 
|«redaceous, or at least occasionally so, and suck the body-fluids of aphids 
vmi small acari. When disturbed different species exhibit certain differ* 
'peaces of movemoit ; some crawl in a leisurely fashion, others run quickly 
i'pr leap, and a large number are able to fly but they often do not readfly 
> icwiOrt to this means of locomotion. Mafiy exhibit the habit of curving 
Ipte spex of the abdomen upwards and, in the case of winged individuals, 

. this movement is generally preparatory to flight : it appears to be for the 
:||paipose of drawing the lateral comb-like setae of the abdomen through 
'vlbe marginal fringes of the wings. The latter organs when in repose are 
f Md in a more or less parallel manner abng the back. 

The vast majority of species derive their nutriment by penetratii^ 
l&e living tissues of plants by means of their piercing mouth-parts, a^ 
,^l!ifl»bmg the sap. It is, therefore, not surprising that certain members 
j^ythe ordo* are recognized by economic entomologists as pests, especially 
' pear {Taniotkrips inconsequens Uzel '[^yri Dan.]), the onkm 
iiAaci), the grass thrips striatus), the grefia- 

tfarips (HeU(^nps hamorrkoidalis) and several others. In additkin 
particular plants with which their names are associated, these, klfi 
'jii&UT species, affect a wide rai^e of hosts, and several are polyph%;K^, 
the other hand, a number of species have so far onl^ been obtained ' 
^tangle plant ^>ecies. The primary injury to vegetation is caused by. the 
^qitraction of the sap and, when severe, a whde crop may be mined. The 
inflects of the injuries are very variable in difierent cases ; in apple 
diKiia, for example, thrips have been known to prevent the fonnatiaii;<)l 
Shit, and Hewitt has found that when A. striaius feeds upon the ipilh^ 
|l''oats it produces sterility (vide Joum. Earn, Ent. 7). It is troe, hnW$» 
that thrips jflay a purt in ^ fertilizing of beet, and many ,r“^ 
5, but then value in this direction does not compensate for 
m fe^iing habife. Some apedes, notably t^ dtnn thrim 
.ptfiiiiimtjt an well Icnown to be capable pi ea tta i ned , 
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Is of frequent occxu^ce fhnniflMit the order, ow 
in several iqiecies {S, hamorrhoHalis, T. ineonsequens, etc<)^les era dfhor 
utdraovm or extremdy rare : in others the eggs are capable of developing 
parthenogenetically, although males are quite common. 

Approximately 1,500 species of the order have been described, and about 
one hundred have been found in the British Isles. The most important 
general works on the order are those of Uzel (1895) and Piiesner (1928). 
Fckr the British forms 


refeicence should be 
made to the writings of 
Haliday {Ent. Month. 
Mag. 1836-37) and Bag- 
nall {Journ. Econ Btol. 
1911-13, and other 
papers). 

External Ana- 
tomy. — In their 
general structure the 
Thysanoptera are more 
closely related to the 
Hemiptera - Homoptera 
than to any other order 
of insects. The head 
is generally somewhat 
quadrangular in form 
with a pair of small 
but promment com- 
pound eyes: the facets 
of the latter are rela- 
tively large and con- 
vex, assuming a 
rounded instead of the 
usual hexagonal form. 
Three ocelli are com- 
monly present on the 
Vertex. Nearly all the 
bead sclerites are in- 
tbsately fused, almost 
^ traces of sutures be- 
ing lost. The antennae 
wra d- to 9-jointed, and 
inserted close to- 



Fio. 342 Pbar Thrips iifeoN^gqtrm 

UZSL PtMM Dam)« 

I, Im«go; 3 , eggi; 3» intUr nym|^» 4* fullf«rown Qyin|di; gL 
ore pupa , popt « 7 * Ulertl view of head of inafo. Reduced from PoaUv 
a^^Joaea. oJTDtt*- dfrfa. BuiL xrj. 


jpdher in a very forward position. The mouth-parts are adapted for piercbig 
add Suction, certain of the organs being modified as stylets which are en^ ' 
• dtoy d in a short cone, or rostrum, projecting downwards from the vented 
Mdadeof the head (Fig. 343). The structure of the trophi has reedWM 
IpehUon from a nuniber at investigaton, indnding Kidr amd 
(jnp}. Borden (19x5)^ Peterson (19x5) and Reinje (X926). Their small ties ' ' 
Ji^aamnme^tal form render tl^ difiScult to stu^ and. consequently# a 
'mu of didermice of qpinlan eidsts with regard to the homdcgtel;* 
Wvldda. Xbe ttnath-cone is formed by the lalxrom and clvtNmi 
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tibmre, md the labium bdow, while the actual {derdog cngaas am pro- 
traded throu^ the ^ort tulmlar base thus iormed. Among the Tete- 
hnmtia the mandibles of the two sides are totally imlike ; the l<dt oi^an 
is a strong diitinized stylet while the right one is reduced to a vestigial 
condition. The maxillae consist of a pair of padpus^bearing plates with 
associated stylets. The plates may be either s}anmettical or unlike and 
they form the side walls of the mouth-cone already alluded to. The palpi 
are composed of a variable number of joints which range from 2 to 8 among 
different genera. Each stylet consists of a small basal piece articulating 
with the palpus-bearing plate of its side, and a long piercing organ which 
is usually divided mto a proximal and a distal element. The labium forms 

the trough - like 
floor of the 
mouth-cone and is 
divisible iifto a 
mentum and sub- 
mentum. ''The 
membranous' apex 
of the mentutn is 
more or less 
bilobed and car- 
ncs a pair of short 
labial palpi which 
are i- to 4-iointed 
Among tile Tubu- 
hfera certam dif- 
ferences in the 
mouth-parts are 
noticeable. The 
unpaired stylet 
articulates with 
the palpus-bear- 
ing plate of its 
side; the two 
paired stylets are 
very long and 
have acquired 
separate, and more 
posterior, articu- 
lations with the 
head capsule. 

“ These features 

have led Muir and Kershaw to r^ard the unpaired stylet as the maxilla, 
and the paired stylets as mandibles. Peterson, on the other hand, main- 
that their homologies are the same as in the Terebrantia, basmg 
his conclusions upon comparative studies of nsdnphs and adults of the 
tMm suborders. The connection of the mandible with the pdpus-beaiing 

S late of its side he regards as being seccmdaiy, since it is uol present in 
lie i^phal stage. 

When a thrips feeds the apex of the mouthoone is applied to the sw- 
■fftce of the plant, and the slylets are driven into the tissues. Thelacesatica 
Of ibe latter causes a minute wound through which the sap escapes. The 
ol the mouth-c<me is applied to the puncture, and the jui^ of 



Fig 343.— Hfao and Mcuth-parts of Thysanoptera. 

Mandibles and maxillSB of Heltothnps (Terebrantia) Mandibles and maxiU« 
gkl CfpMothnps (lubuliCera) C, dorsal and D, lateral aspects of the head of Helu 

.. .. , - _i .r ^ » 1-1. — i„. left mandible . H 

mXt maxiilar; 





^ i pumped tip jate fbe gat l>p means of the action ol the pluoyngiMJ 
tnaedes. 

The prolhorax is free and distinct, with a broad tergum, whtie the 
meso- and meta>thorax are compactly united. The legs are composed 
of the usual parts and only the tarsi present special features. The lattcar 
are x* or u-jointed, and the claws may be either single or paired. A 
remarkable protrusible vesicle is associated with the extremity of the 
tarsus, and it is to the presence of this organ the alternative ordinal name 
Physopoda is due. When at rest, the vesicle is retracted and invisibtet 
but when the insect is walking it appears to be exserted by means of blood 
pressure. These organs are present in both nymphs and imagines and 
they enable their possessors to walk upon almost any kind of surface. The 
wings are membranous, very narrow, and strap-shaped : they have very 
few or no veins, and only rarely possess cross-veins. They are fringed 
with long setae and some species bear spines along the veins or along ^e 
former courses of the latter. The wings of a side are interlocked by means 
of several hooked spmes near the base of the hind-wing which engage a 
membranous fold on the anal area of the fore-wing The imagines of many 
species exhibit striking variations in the degree of development of the 
wings The adults of a single species {Chirothrips manicaius HaL) may 
have fully developed wings, reduced functionless wings, or be com- 
pletely apterous. In other species both sexes may be winged or one 
winged and the other apterous : one or both sexes may be brach3^terous 
or both may be wingless. When brachypterous forms occur among nor- 
mally winged individuals the phenomenon is especially evident towards 
autumn. 

The abdomen is elongate, tapering posteriorly, and is composed of ten 
segments In the Terebrantia there is a conspicuous serrated ovipositor 
projecting from the ventral surface between the eighth and ninth abdominal 
segments, and formed by two pairs of gonapophyses. Among the Tubuli- 
fera an ovipositor is wanting and the terminal segment is tubular. 

Internal Anatomy.— Most of what is known concerning the internal 
structure of Thysanoptera is due to Jordan (1888) and Uzel (1895). The 
digestive system is diaracterized by a chitinized sucking pharjmx provide 
with radial muscles, an extensive mid-intestine and four Malpighian tubes. 
The mid-intestme forms the largest portion of the alimentary canal and 
is divided into a capacious anterior dbamber followed by a tubular coiled 
posterior region. Ihe hind intestine forms a straight passage to the anus. 
Two pairs of salivary glards are commonly present and are located in the 
thorax and abdomen (vide Peterson, 1915) : their ducts unite to form a 
common canal opening at the apex of the mouth-cone. According to 
Uael three pairs of sahvary glands are found in the thorax of Trichvtkripa, 
The imvous ^slem is highly concentrated : the brain is well developM. 
the sub-cesophageal and prothoracic ganglia are fused while the meso- 
and meta-thoracic ganglia remain separate. A median nerve cord passes 
down the abdomen, but the ganglia have shifted forward and are concenr 
trated into a single coottre which is located in the first s^iment of that 
rttion. The circidaiory organ consists of a very short contractile heart 
I^ig in the eighth abdominal s^pnent and continued forwards as a long 
aorta. In the femak roprodwUve organs the ovaries each consist of four 
dhort panoistic ovarioles: a receptacmum seminis is present together with 
accessory glands. The rnaU reproductive organs consist of a pair 
testes which cominunkate by means of rather short vasa defeim 
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linitM «xtrenii3^, formmg m «inpti)lj|'1&e taoiw^em&Blt Al Mi it 
tteodves fhe ducts of cme or two pairs of rdativdy largo accessory f^lilui«is 
whidi considerably exceed the testes in size. The iracheal ^fstm k well 
developed and usually opens to the exterior by means of three or four 
pairs of spiracles. One pair is located near the anterior angles of the 
mesothorax and there are also pairs on the ist and 8th abdominal seg- 
ments : a 4th pair is presort in the Tubulifera and many of the Terebrantia, 
situated on the metathorax just behind the attachment of the hind-wings. 

Life -history and Metamorphoses (Fig. 342). — The eggs of the Tere- 
brantia are more or less reniform, while those of the Tubulifera are commonly 
dongate-oval. In the first-mentioned sub-order the female cuts a slit with 
her saw-like ovipositor, laying the eggs singly in the tissues of the host plant. 
The Tubulifera lay their eggs externally, either ongly or in groups,! upon 
leaves, stems, under bark, etc. The newly hatched nymphs resemb]| 
imagines in their general facies and then method of feedmg is also 
There are generally four instars before the adult condition is reached, 
the second ecdysis the n}rmphs develop wing-pads and assume wti 
frequently termed the prq>upal instar. As a rule they conceal thems 
mong debris or enter the ground prior to tmdergoing this change, but 
in Heliothrips hamorrhoidalis the transformation takes place on the under- 
side of the leaves of the food plant. During the prepupal stage the insect 
often manifests considerable activity. In the case of those species which 
transform in the soil the prepupa is quiescent but will crawl about when 
removed from its earthen cell. The prepupa may be distinguidied from 
the next instar or pupa by the antennae remaining free and not being re- 
flected over the head and pronotum : the wing pads are shorter, the com- 
pound eyes are still small and ocelli are wanting. After a comparatively 
short period spent in this stage the insect undergoes its third ecdysis and 
transforms into a pupa. This instar is of a variable, amd often lengthy, 
duratimi aunong different species. Unless disturbed the pupa remains 
quiescmt, but upon being roused it is capable of slowly crawhng about. 
It is to be regarded as a resting nymphal stage exhibiting a definite approach 
towauds the true pupa of the Endopterygota. No nourishment is taken 
during the prepupal and pupal instars. The number of generations passed 
through in the year differs in various species : many, such as Teentothrips 
imponsequens, are univoltine, while on the other han<I HeUothrtps jascuiim 
is known to have 7 to 9 generations in a season in the United States, 
fi^bemation may take place in the nymphal, pupal, or imaginal stage. 

CBasslflcatlon.— -In the follow!^ classification, after fUmy (xqax) 
and Priesner (1928), European families are indicatedjthus *. 

Suborder I. Terebnuitla. Ovipontor saw-hke, apex of abdomen conical fa 
fafade, bluntly rounded m male; fore-wings with at least one longitudinal vafa 
icaclung to the apex. 

t (a).— Antemue 9-]oiated; fcne-wings broad with rounded apices; ovfaosifar 
curved upwards ; body not fattened. JMaiittUUM" ^ 

# (r).~AnteruuB 6* to lo-jointed ; fare-winn narrow win apices more poinfad 1 
ovipositor curved downwards ; body more ose less fattened, 
g fS).— Prothorax without sutures ; wing snriaoe pubescent , 

4 17).— Antennae 9- or to-jointed without a terminal style. > 

5 »).— Third antennal joint cyUndrical, not conical. HenaMiffaUfa. 4 •, 

0 ijlJ.-- 41 urdandfourfaantenMdjefatBeifarged,oonlcalwitfamtseaiseoowesttiMf 
. with a sensory baud at apex ; fare tarsus with claw-Uke a^MadilBipi 

base of and joint HMeewdwipMn* ^ 





' w mm ot mu jotm. 'nBipMUi.* , 

A yiiXb. kMgitadiaiU doml Mtnm ; wing tntface smooth ; antsoup 

moaililonnt 8*jomted without apical stylo, joints 3 and 4 wilhout ssnm 
cones, oadi with a tympannm-like sense axes on apex. Abdomen Unat j 
ovipositor very weak. MeroUirlpidm. 


Suborder U. Tabnlifeni. Ovipositor absent ; apex of abdomen in bodt sexss 
imally tubular ; fore-wings with venation almost absent. 
t (12).— Maxillary palpi a-jointed ; antennae 8-jointed, seldom y-jointed ; midifle 
coxae wider apart than fore or hmd pairs ; gth aUommal segment act 
or rarely longer than 9di ; temunad abdominad setae seldom much ’ 

tham the tube. 

2 (3).— Last abdominal segment not tubular, greatly swollen, parabolic in outline 

from above; and to 9th abdominad terga transversely linear. Pygo* 
thripidSB. 

3 (2).— Last abdominad segment slender, cylindrical or tubular, comprising the 

tube : and to 9th abdominad terga not transversely Imear. 

4 (ii). — ^Eighth abdominal segment without peg-like projections on hind margin. 

5 (10).— -Tube modi shorter than remaining abdominal sclents taken together. 

6 (7).— Thud antennal joint with a distal ring of very prominent sensory roda 

Ecacanthothrfoidas . 

7 (6). — Sensory rods on 3rd antennal segmmit not stronger developed than on other 

segments. 

8 (9). — ^Antennal sense cones extraordinary long and sh^. £3res unusually large, 

touching each other ; mouth cone sharply pointed. Eupadilriirlpldm. 

9 (8). — ^Antennal sense cones not unusually developed ; eyes seldom touching each 

other. Phloeothrlplda.* 

10 (5).— Tube about as long as remaining abdominal segments taken togethw. 

HystiicothripldtB .* 

11 (4). — ^Eighth abdominal segment with long peg-like projections on posterior 

margm. Antennae and tube unusually short and thick. Chirothrfooldldai. 

12 (i).— Maxillary palp i-jomted; antennae 4- to 7-jointed; hmd coxae farther 

apart tiian remaining pairs ; 9th abdormnal segment longer than 8th ; 
temunal abdominal seta mark^y longer than Ihe tube. Uroduipklss.* 
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Order 14. HEMIPTERA (Rhynchota : Plant Bugs, etc.). 

T wo PAIRS OF WINGS USUALLY PRESENT ; THE ANTERIOR PAIR MOST 
OFTEN OF HARDER CONSISTENCY THAN THE POSTERIOR PAIR, EITHER 
UNIFORMLY SO (HOMOPTERA) OR WITH THE APICAL PORTION MORE 
MEMBRANOUS THAN THE REMAINDER (HETEROPTERA). MOUTH-PARTS PIERC- 
ING AND SUCTORIAL, PALPI ATROPHIED; THE LABIUM IN THE FORM OF 
A DORSALLY GROOVED SHEATH RECEIVING TWO PAIRS OF BRISTLE-LIKE 
STYLETS. METAMORPHOSIS USUALLY GRADUAL, RARELY COMPLETE. 

The Hemiptera or Bugs are most easily recognized by the form of the 
mouth-parts. They are, without exception, sucking insects, and this 
habit, along with the general structure of the mouth-parts, is retained 
throughout life. The wings present a greater variation m structure than 
in any other order of insects, and for this reason no general definition is 
sufficiently comprehensive to include them all. 

As Sharp observes, probably no other order of insects is so directly 
concerned with the welfare of man on account of the 
vast amount of direct, and indirect, injury its mem- 
bers entail to vegetation. Among the most destruc- 
tive species are the Cotton Stainers (Dysdercus), 
the Chinch-bug {Blissus leucopterus), Tea Blight 
{Hdopdtis), Leaf-hoppers (Jassidae and related 
families). White Fhes (Aleyrodidae), Plant lice 
(Aphididae), and the Scale Insects and Mealy Bugs 
(Coccidae) . Certain Homoptera act as vectors trams- 
ferring the viruses of such diseases as “mosaic,” 
“ leaf-roll,” “ yellows,” &c., from plant to plant by 
means of their piercing mouth-paurts. Aphides are 
the most important in this respect and Myzus perskee 
alone is known to be able to cairry the viruses of 
fourteen separate plamt diseases including mosaic of 
potato, sugar-cane auid sugar-beet and leaf-roll of 
potato. Jassidae are also concerned with the transmission of aster 
"yellows,” "curly-top” of sugar-beet and "streak” of maize. 

An all-important factor bearing upon the devastation entailed by 
Hemiptera is the extraordinarily rapid rate of reproduction found in many 
members of the sub order Homoptera. The calculations of Reaumur and 
Huxley regarding the fecundity of parthenogenetic aphides are well known 
Buckton. however, regards their conclusions as greatly underestimated, 
and showed that the progeny of a single aphid at the end of 300 days— if 
all the members survived— would be the 15th power of 210 1 With regard 
to leaf-hoppers Perkins, on the supposition that each hopper lays 50 eggs 
(and the sexes are about equal), calculates that if there are six generations 
in the year the undisturbed progeny of one female would amount, at the 
oad of twelve months, to very Uttle less than 500,000,000. 

Among certain Heteroptera a propensity for animal food has been 

346 



Fig. 344. — DrsnsKcva 

ciirQVLATua, 

After Distant u FauH» 0/ 
Br*t%sh India 



EXTERNAL ANATOMY 347 

acquired, particularly in the predaceous family Reduviids and in most 
Cryptocerata. The Cimiddae, Polyctenidse, and the Reduviid genus Tria^ 
loma are active blood-suckers of mammals or birds, the habit being preva- 
lent in both sexes. 

Hemiptera afford many instances of resemblance to insects of their 
own and other orders. Certain of the ant-like forms are very remarkable ; 
thus the Coreid Dulichius inflatus Kirby (brachypterous form) closely 
resembles and associates with the ant Polyrachis spiniger, and is furnished 
with pronotal and other spines, rather similar to those possessed by the 
ant. Another Coreid, Alydus ccdcaratus L., is often found in England in 
company with Formica rufa and other ants, which its nymph closely re- 
sembles. Further cases of resemblance to insects pertaining to other 
orders are met with in the Reduviidse. 

Aquatic Hemiptera afford excellent examples of the relation of struc- 
tural modifications to differences of environment, particularly with regard 
to locomotion and respiration (vide Bueno, 1916). In the surface dwellers 
(Hydrometridae) the adaptations are less pronotmced, the antennae free 
and unconcealed, and the legs not highly modified. These insects are 
clothed with velvety pile to prevent wetting, and respiratory devices are 
but little complicated. The Cryptocerata, on the other hand, have the 
antennae concealed, the long antennae of above water forms obstructing 
the freedom of motion of submerged insects. The legs are highly adapted 
for purposes of swimming and respiratory modifications are complex. 

External Anatomy 

The Head. — ^The head (vide Muir and Kershaw, iQii, 1911A) is very vari- 
able both in form and in the inclination of its longitudinal axis. In almost all 
cases the sclerites are compactly fused (Fig. 345), only two principal dorsal 



Pie, Mij. — A AND C, Dorsal Aspects op tre Head of a Reduviid and a Prntatohio 
respectively; D and B, The Same viewed Laterally. 

«. bale of antenna ; 0, dypeua ; «, epipharynx ; f, frontal prooeaa ; §, gula ; t, labruin ; lu labram (soatniro) s mtAt 
MMUwDbij •dfnte; Oj, cxMnpound eye; ea* ooeUnis t, prothorax. 
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S * ';e»~the epkranium and dypeus— ^bdng recogniaab^ owing to the 
cm of the irons with the former. In P^llidse howeva: the irons is 
evident as a separate narrow sclerite carrying the median ocellus; the 
expression “ Irons " is frequently used in descriptive works dealing with 
the Auchenorh3mcha, although this region can only be regarded as a con- 
ventional area, not definitely marked off from the epicramum. The irons, 
clypeus, and labrum of many systematists are, in a number of families, 
the clypeus, labrum and epipharynx respectively. The lorae are two curved 

E lates evident in leaf-hoppers between the clypeus and gense, and are 
iteral developments of the former. The labrum is rather variable in 
form and not always clearly separated from the epipharynx ; the latter 
organ is narrow and acuminate. Ocelli are usually present and frequently 

two in number (Heteroptera, and 

most Auchenorhyncha) ; threiip are 
— present m Cicadidse, and ^lany 

y Stemorhyncha. They are wai^iting 

I cl j in Pyrrocondae, Cimicidae and species 

A A of Typhlocyba, etc. In additioh to 

I \ / compound eyes, ocular tubercles or 

7* ^ supplementary eyes are present in 

/ ^ \ ^ relation to the former m Lma 

yO many aphides. The antenns 

^ )lw jomts, frequently only four 

I ' their maximum number is 

j T-*** • 'o r I attained in the Stemorhyncha, 

Fio 346— Vjntral Aspect of the iifai where 10 joints arc found in P^l- 

OF A Cercopid with ADJACENT Thoraci Uds QXid 25 ill thc malcs of a few 

SCLERITES (dotted). CoCCidS 

rf,clTeu.i d.,lo,r., ., ep.ptaryn.5 I, tabrum ; The ’ MOUth -paftS (Fig. 347).— 

These organs m the different families 
are very alike in general structure, the similanty being correlated with the 
uniform nature of tlie feeding habits throughout the order. They are ex- 
clusively adapted for piercing and suction, the mandibles and maxilla: being 
modified to form slender bristle-like stylets which rest in the grooved labium. 
The embryological studies of Heymons (1899), and Mmr and Kershaw (1911, 
1912), have demonstrated that the mandibles and maxUlse develop quite 


Fio 346 — Vpntral Aspect of the IIfai 
OF A Cercopid with Adjacent Thoraci 
SCLERITES (dotted). 

H, cl 'peui ; dt^ lore , e, epipharynx ; I, labrum 


normally from the first two pairs of post-oral embryonic appendages. 
They subsequently become sunk to some extent within the head, and 
enclosed at their bases in pockets whose linmg is continuous with the general 
integument. Both pairs of stylets are hollow seta-like structures, capable 
of limited protrusion and retraction by means of muscular action. In 
many Homoptera the stylets are extremely long and, in some cases, greatly 
exceed the total length of the insect. In these instances they are capable 
of being looped or coiled upon themselves, and withdrawn into a backwar^y 
directed pocket connected with the channel of the labium. This pocket 
iU Coccidk (Fig. 379A) is lined by thin membrane, and is situated between 
title central nervous system and the ventral body-wall. 

The mandibular stylets form the anterior (outer) pair and, although 
ttisually free, may be closely interlocked with the maxillse as in Lyg^us : 
ttt th^ apices they are usually serrated. The posterior (inner) pair oi 
atytets constitute part of the maxillae : the embryonic ruoiments of tlu 
latter become bi-segmented at an early stage, and the basal joint 
' l0rmed gives rise to the maxillaiy sclerite or plate, and the di^ tc 
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the maxifiaty stylet, tlie swcSIaA basal portico, or maxittaiy sclariite, Is 
probably to be regarded as the luuMer^itiated cardo and stipes, 'Which 
subsequently became amalgamated with the head capsule, while the stylet 
itsdf IS to be looked upon as the homologue of a maxillary lobe. MaxilL ai y 
palpi are wantii^, except as vestigial organs, which occur in certain Hydro- 
metridse, while in some Tingidae there are small processes which have been 
regarded as pertaining to the same category. Each maxillary stylet tapars 
to a fine point and is grooved along its inner aspect : the groove is divided 
into two parallel channels by means of a longitudinal ridge which traverses 
the length of stylet. Seen in cross section, the latter is shaped like a W, 
and the pair of stylets, by the approximation 

of their chaimels, form two extremely fine ^ a ' 

tubes. The dorsal one functions as the sue- “ iP 

tion canal and communicates with the pharyn- ^ 

c[eal duct : the ventral tube is the ejection \ / 

canal and receives the saliva discharged \ J 

through the salivary duct Within the head \ / 

the maxillary stylets diverge towards their n. / 

bases, but externally they ] liq * 

are closely interlocked, — If'- 

and appear as a single \ / / ^ 

structure, as in Ana'ia ( $ J [IJ * 

(Tower), and Psylla \L 

(Grove) ; or the inter- -^d ^ 

locking arrangement is „ — -r 

wanting and they are ^ \ / 

simply apposed to one (j. 

another (Eriosoma). At ^ ^ 

the enlarged proximal ^ ^ ^ *" ‘ ® 

ends of both pairs of if 

stylets are oval areas of J^^*****^ 

glandular tissue known as (f r 

the retort-shaped organs, tnx^ J 

whose function is prob- \ 

lematical. In many ^ q ]U 

Hemiptera the bases of _ _ ’ . 

.. i 1 i XX 1. J Fig 347- — Diagram of the Moo th-parts and Adjacent 

the stylets are attached region op the Head of an Hemipterous Insect. 

to the head-capsule by On the left are transverse sections across the regions bearing corresponding 
mAonc of TYiori^iKiilnr lettering, the magnification*; of these sections are not uniform ef.clypeusi 

ulCSaJlb Ui luiiliQiuuXcir cUlCi ejection canal with salivary duct , f, labrum ; m, mandible , mx, maxilla , 

maxillaxv levers. These pharynx, M. pharyngeal duct, r, rostrum, sd, salivary ducts, as, 

with pharyngeal duct 

latter are rods of chitin 

which extend outwards in a transverse direction, and afford attachment 
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Fig 347. — Diagram of the Mouth-parts and Adjacent 
Region of the Head of an Hemipterous Insect. 

On the left are transverse sections across the regions bearing corresponding 
lettering , the magnifications of these sections are not uniform d, dypeus S 
ac, ejection canal with salivary duct , I, labrum; m, mandible, mx, maxilla, 
p, pharynx, pd, pharyngeal duct, r, rostrum, sd, salivary ducts, ic^ 
suction canal with pharyngeal duct 


to certain of the stylet muscles. The stylets themselves are enclosed in 
a sheath (rostrum) formed almost entirely by the labium which is dor- 
saUy grooved for their reception. At its base, however, the labial 
groove is wantmg and in this region the sheath is roofed over by the 
labrum. If the latter be raised with the point of a needle the stylets 
can 1^ discerned beneath. Distally, the lips of the labial groove are 
approximated or fused to form a tube and, as the lumen of the latter is 
very small, the stylets fit tightly therein. In the majority of Hemiptera 
the labium is either 4-jointed (Pentatonudae, Capsids, Lygseids, etc.) or 
3»|oiiited (mdst Reduviids, Cicadids, P^llids and Aleyrodids) ; in Coc- 
ddlB it is always short and i- or 2-jointed. Its apex is provided with sensory 
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setae, and it performs no part in perforating the tissues of the plant-host 
Labial palpi are almost always wanting; in certain families, however 
they are stated to be present, but there is no unanimity of opinion. Hey- 
mons (1896) finds that they are present in the embryo but atrophied in 
the adult, and that the so-called palpi are secondary organs. Leon, on 
the other hand, observes that they are present in Nepa, Ranatra, and cer- 
tain Belostomatidae. The hypopharynx is situated between the bases of 
the maxillae, amd is usually weU chitinized though small and difficult to 
detect except in sections.' It is pierced by the salivary duct and the latter 
passes forwards to open into the ejection canal ; the dorsal wadi of the 
hypophar3mx forms a support to the floor of the pharyngeal duct (p. 355). 

While at rest the rostrum is concealed by being flexed beneath the body, 
with its apex directed backwards. When the insect is about to feed, the 
rostrum is extended from its position of repose and inclined downwairds. 
In the great majority of Hemiptera the stylets aire only slightly 'longer 
than the rostrum, amd consequently some mechanism is necessary by Ineams 
of which the latter becomes retracted to admit of the insertion of the Sylets 
into the plant. In Aphidida:, for example, this is brought about by the 
proximal portion of the rostrum being withdrawn or telescoped into the 
body (Davidson). In Lygus, and other Heteroptera, the stylets are able 
to penetrate the tissues owing, it is stated, to the bending or looping of 
the rostrum about its basal hinge (Awati). In Coccidae the rostrum is 
very short, and the stylets extremely long, and the mechanism by which 
the latter are inserted into the plant, and afterwards withdrawn and looped 
within the body, is difficult to conceive. 

The problem which requires solution is the method by which long 
slender, pointed stylets can be forced to the requisite depth into the tissues 
of a plant. In those cases where the stylets are but little longer than 
the rostrum it has been usually explained that the action of the protractor 
muscles, applied at the bases of the stylets, force the latter into the plant; 
and that they are guided by the labrum and the grooved labium in their 
course. In Psylla Grove (1919) contends that this explanation is wholly 
inadequate owing to the great length of the stylets and their permanently 
looped condition. This author suggests that, by means of blood-pressure, 
the apex of the labium becomes distended and consequently grips the 
stylets tightly after the manner of a pair of forceps. The projecting por- 
tions of the stylets would be forced a short distance into the plant tissues. 
This being accomplished, the internal pressure would be slackened, which 
would result in the grip being released, and the rostrum would become 
dightly shorter, so that its apex would have travelled a short distance 
upwards along the stylets. The pressure being renewed, the grip is re- 
established and the stylets forced in a step further and so on, until the 
required amount of penetration may be accomplished.* It is evident 
that the range of action of the protractor muscles is much less than the 
depth to which the stylets often penetrate, and that their action alone is 
inadequate to explain the process. With regard to the mechanism of 
suction we have to consider the ejection of the saliva into the plant, and 
the flow of sap along the suction canal into the pharyngeal duct of the 
insect. There is no complete continuity between the walls of the salivary 
and phar3mgeal ducts and those of ejection and suction canals respectively. 
The two ducts, however, project into their respective canals sufficiently 

* The whole subject of the mechanism of piardng and sucking in Hemiptera it 
admirably discussed by Weber (1938). 
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far to allow for a regular flow of liquidr^in the one case outward and in 
the other inward. As a preliminary to piercing the plant tissue, the insect 
surveys the surface thereof by means of the apical setae of the rostrum. 
The actual piercing apparently takes place by means of the mandibles, 
die maxillae following closely afterwards. The saliva is forced down the 
ejection canad by means of the salivauy pump, but the exact functions 
which it performs au:e difficult to ascertain. In several catses it is known 
to transform starch into sugar, but it certainly fulfils other uses. Thus, 
in some aphides the saliva also dissolves a passage for the stylets through 
the cell-walls and causes plasmolysis and dissolution of the cell-contents 
(Da\’idson). During the ascent of the sap in the minute suction carnal 
capillarity, possibly added by pressure exerted by the turgid plant-cells 
when pierced by the stylets, may be regarded as the preliminary process. 
This is followed by the aotive suction exerted by the divaricator muscles 
of the pharynx. The course of the stylets within the plant-tissues has 
been followed by Davidson in the case of Aphis rumicis. They pass inter- 
cellularly through the cortex, only occaisionally perforating individual 
cells. On reaching the vasculau: bundles the cell-walls are punctured and 
the cell-contents sucked out. In this species the phloem is the chief source 
of the food supply, although other tissues, including the cortex and the 
mesophyll of the leaf, may be resorted to in the case of plants heavily 
infested by this aphid. 

The Thorax. — Tlie morphology of the hemipterous thorax has not 
been extensively investigated, but a comparison of a number of genera 
has been made by Taylor (1918) and a study of the sclerites of Psylla by 
Weber (1928). Among Hcteroptera the pronotum is tolerably uniform 
in its characters : it is always large, rarely marked off into separate sclerites, 
and forms the greater part of the thorax when viewed from above. The 
mesonotum freciuently exhibits a five-fold division, thus presenting the 
maximum number of sclerites. Of these the most prominent is the scutel- 
lum, which is always well developed : in certain Pentatomidse it extends 
posteriorly to the extent of entirely covering the wings, and imparts to 
the insect an apterous appearance. The metanotum is very variable : 
it may be well developed, as in Anasa, or reduced to a small region con- 
cealed beneath the mesoscutellum. It is never conspicuous, and is covered 
by the unexpanded wings. The stemites are, for the most part, fused 
with the respective pleura. 

Among Homoptera .there is more diversity of structure, and Cicada 
may be regarded as fairly typical of the sub-order. The pronotum is 
almost always small and frequently collar-like, except in Membracidae 
where it assumes incredibly bizarre and grotesque forms and extends 
backwards over the abdomen. The mesothorax is the largest and most 
typical region, exhibiting the primary divisions into prescutum, scutum, 
scutellum and postscuteUum. In the Fulgoroidea it bears well-developed 
tegulse, which are vestigial or absent in these species with reduced wings. 
The metanotum is usu^y well developed, and in Jassidae it is nearly as 
long as the mesonotum. 

The Wings. — Among Heteroptera there is a marked difference in the 
consistency of the two pairs of wings, as is implied by the name of that 
sub-order. The fore-wings are termed hemelytra (hemi-elytra) and their 
ptoxiinal area is homy, resembling an elytron, only the smaller distal 
portion remaining membranous (Fig. 349). The hind-wings are always 
memlvanous and, in r^se, are fold^ bmeath the hemelytra. 
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Tlie hemelytra (Fig. exhibit much diverdty olF structure and, for 
this zeascm, have been largely utilized fear purposes of classificatiou. llie 
hardened basal portion is composed of tvtro regions — ^the cUmts or nar- 
rower area next to the scutellum (when the wings are closed), and the corium 
or remaininer broader portion. In the families Ceratocombidse and Antho- 

corid® a narrow strip of the corium, bor- 
dering on the costa, is demarcated from the 
remainder, and is known as the emboUum. 
In the Capsidse a triangular apical portion 
of the corium is separately differentiated to 
form the cuneus. Among Tmgidae the dif- 
ferentiation into comeus and membranous 
regions is less distinct. In some cases the 
membranous area is much reduced or wholly 
absorbed, but in the Henicocephalidsi the 
hemelytra are entirely membranous. The 
two pairs of wings exhibit evident depar- 
tures from the primitive venational type 
and the most generalized tracheation has 
been found in Pentatomidae (vide Comstock). 

Fio.348-d.agramsoftheH.« ^mong Homoptera the fore-vnngs are of 
ELVIRA OF-I, A Lyga-id , II, j umform texture (Fig 350) and are fre- 

Capsid , III, An Anthocorid quently of harder consistency than the hind 

CO, cunem pair Apterous forms are the nile in female 
Coccidse and Aphididse (sexuales), as well as 
occurring in the agamic generations of the latter family ; both apterous 
and alate males are sometimes present in both Aphididae and Coccidse. 
Although there is great diversity of venation which is dealt with under 
the different families, the pre-existent tracheae have been extensively 
studied in the n3miph, and it is thus possible to determine the homologies 
of the wing-veins 
The little un 
derstood phene 
menon of alar, 
pol3miorphism is 
prevalent in dif- 
ferent families. 

That is to say, in 
the same species 
there may be two 
or more forms of 
alary organs 
which, further- 
more, may be cor- 
related with sex 
or may not. There 3 ^^, — ^Lefx wings of a coxbip, Vbrlosu momsa x 11 

are two well- 

marked types of individuals, — the apterous and macropterous, sometimea 
with intermediates or brachypterous forms. The phenomenon is evident, 
for example, in the Hydrometridx, Anthocoridse and Reduviidse ameng 
Heteroptera, and certain Fulgoroidea (Delphacidx) and Jassidae among 
j^tomoptera. It is particularly well seen in the British species of Lihm^ 
Ite PfrkiHsielh there is mudi spedffc variation in tins respect : thus sF* 
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saeeh^ricida has macropterous males and polymorphic females, while m 
P. vitiensis and vastatrix both sexes are dimorphic. 

In certain African Reduviide {Eiocla StiU) the males are winged and 
the females apterous and physogastric : in other species of the genus both 
sexes are alike and physogastnc. In Paredocla Jeann. there are both 
winged and apterous males ; the latter resemble the females, which are 
also apterous, and all forms are found together (Jeannel, Voy. Afriq. Orient., 
Honiptera, 3, 1919). 

Many explanations have been advanced to account for alary poly- 
morphism (vide Kirkaldy, 1906). It has been variously correlated ivith 
climate, season, mimicry, capabihty for leaping or rapid locomotion, and 
mode of life, whether arboreal or otherwise. Thus, in Africa, Jeannel states 
that most of the apterous and brachypterous genera ol Reduviidae inhabit 
the hotter regions. In the European Pyrrhocoris apierus both pairs of 




Fig. 350. — Right Wings of a Cicada. 

From Comstock, after Comstock and Needham (N B.-— Vein xa of Comstock ^ Cug of Tillyard.) 


wings may be either normally developed, or reduced to merely the homy 
basal portions of the hemelytra, and the two forms vary very greatly both 
in local and seasonal occurrence. The phenomenon offers a wide field 
for research, particularly from the genetic point of view. 

The Abdomen. — In its least modified condition the abdomen often 
consists of eleven recognizable segments as in Cicada (Berlese) and several 
other genera of Homoptera (He5mions). As a general rule, however, sup- 
piession and reduction have taken place to a greater or less degree. .Thus 
hji Anasa Tower (1913) finds there are 9 segments in the male and 10 in 
the female. In Notonecta the ist segment is greatly reduced, but segments 
a-il are evident : in Nepa and Ranaira the ist tergum and the ist and 2nd 
Sterna are atrpphied, but the remaining segments to the iith are recognized 
by tolese. In Psyllidte Crawford a^ ^ds evidence of ix origin^ seg- 
ments ; of these the xst, 2nd and 3rd are either suppressed or much reduced, 
23 
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Among Aphididx the number is difficult to detormine and most observers 
conclude there are nine visible segments. 

Among Heteroptcra a well-developed ovipositor is present in a few 
families, notably in the Nepidae and Notonectidse, where it consists of three 
pairs of gonapophyses. A valvular ovipositor is present in the Auchen- 
orhyncha but, for the most part, is reduced or wanting among the Stem- 
orh3mcha. 

Sound -producing Organs are of frequent occurrence among Heterop- 
tera and may be grouped under five chief types. 

(1) The PROSiERNAL FURROW of many Reduviidae and Phymatidae 
studied by Handlirsch (iqoo) This furrow is cross-stiiated and stridu- 
lation is produced by the rugose apex of the rostrum woiking thereon; 
it is well seen in Reduvtus personatus and Coranus subapterus, 

(2) The STRi&osE VENTRAL AREAS of Certain Pentatomidae ( 3 cutel- 
lerinae). According to Handlirsch these are found on either side of the 
median line of the 4th and 5th abdominal segments. On the innet side 
of the hind tibiae are wart-like tubercles, each bearing a subapical tooth 
When the insect bends the tibia against the femur, and again extends 
it, the spinous tubercles pass across the strigose areas, thus enabling the 
insect by rapidly repeating the movements to produce an audible sound 

(3) The PEDAL STRiDULATiNG ORGANS of Corixidae. The anterior tarsus 
bears a row of teeth and the anterior femur is provided with a stridulatory 
area consisting of rows of minute pegs. It appears that the tarsal " comb ” 
of the left leg is drawn obliquely across the femur of the right leg and vice 
versa, and in this manner sound is produced (Kirkaldy, 1901) ; in the 
females the mechanism is much less highly developed. According to 
Handlirsch sound is produced by drawing the tarsal comb across the ridged 
clypeus. 

(4) Coxal stridulatory organs. In Ranatra Bueno {Can. Ent. 
1905) describes two opposing rasps, one on each coxa near the base with 
longitudinal striations, the other on the inner surface of the cephalic mar- 
gin of the lateral plate of the coxal cavity. The latter plate is excep- 
tionally thin and probably functions as a resonating organ. 

(5) The DORSAL STRIDULATORY ORGANS which are found in both sexes 
of Tessaratoma papillosa. The sound-producing organ consists of a striated 
surface or file situated one on either side of ^e dorsum of the abdomen 
close to the metathorax. On the under-surface of each wing, near the 
base, is a comb of strong teeth. The sclerite supporting the files is able 
to move backwards and forwards across the comb (Muir, 1907). Dorsal 
stridulating organs are also described in the Corixidae in addition to those 
mentioned under (3). 

Among Homoptera, the sound-producing organs of the Cicadidae are 
complex structures peculiar to the family, and situated one on either 
side of the ventral aspect of the base of the abdomen (vide p loa). The 
remaining Auchenorhyncha are usually regarded as being silent, but Kirk- 
aldy (1907) states that several leaf-hoppers possess the power of stridu- 
lation. 

Spiracles. — ^According to Schiodte 10 pairs of spiracles are normally 
present in Heteroptera, and this conclusion is confirmed by Handlirsch 
They are present on the following segments ; ist pair, on the membrane 
between the pro- and meso-thorax, and only to be observed with difficulty . 
2nd pair, between the meso- and meta-thorax : 3rd pair, dorsal lying be- 
tween the metanotum and zst abdominal tergum, hidden by the wings ; 
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4th and following pairs, on the ventral side of the pleural folds of the con- 
secutive abdominal segments. This general rule is subject to modification 
particularly in aquatic families. Thus in Nepa there are 10 pairs of open 
spiracles in the njmiph, but in the adult most of these are either closed 
or non-ftmctional. Maulik (1916) regards the first three pairs as being 
functional although closed ; the only other functional pair is at the base 
of the respiratory siphon. The 4th, 5th and 9th pairs have atrophied and 
the 6th, 7th and 8th are highly modified sieve-like structures which are 
regarded by Doges, and also Baunacke (1912), as being modified into sen- 
sory organs. The spiracles of Notonecta have been investigated by Brocher 
(1909), who states that there are 9 pairs. 

In the Auchenorhyncha there are 10 pairs of spiracles as a general 
rule, but among the Stemorhyncha there is a wide range of variation. 
In Aphidid® there are usually 9 pairs, situated respectively on the pro- 
and meta-thorax and on the first 7 abdominal segments. Among Psyllidae 
Witlaczil {1885) finds 2 thoracic and 7 abdominal spiracles in the nymph 
of Trioza, while in the adult PsyUa mali Awati (1915) states there are 2 
thoracic and 3 abdominal pairs. In the Aleyrodid® the nsnnphs are 
closely applied to the leaf surface, and as the spiracles lie ventrally they 
are concealed. Air is conveyed thereto by means of special breathing 
folds of the integument. Two pairs of thoracic spiracles are present, 
— one pair between the anterior legs and the other pair between the pos- 
terior legs. Spiracles are also present behind the 2nd thoracic pair appar- 
ently on the ist abdominal segment, and a 4th pair exists alongside the 
vasiform orifice. Vestigial spiracles are apparently found in some genera 
on other of the abdominal segments. In the adult the distribution of the 
spiracles is very much the same as in the nymph. The respiratory 
system of both Psyllid® and Aleyrodid®, however, requires detailed investi- 
gation. 

In the nymphs and females of the Coccid® there are commonly two 
pairs of spiracles on the ventral aspect of the thorax ; abdominal spiracles 
are present, however, in certain groups (Ferris, Can. Ent. 1918). The 
primitive number of 2 thoracic and 8 abdominal pairs is found in Xyio- 
coccus (Oguma, 1919) ; in Orthezia (List, 1887) and Monophlehus (Savage) 
there is one pair less on the abdomen. In Icerya purchasi the abdominal 
spiracles are reduced to 2 pairs, and in certain othei species of that 
genus there are at least 3 pairs present (Ferris). 

Internal Anatomy 

The Alimentary Canal.— A true mouth is absent, and the actual 
entrance into the digestive system is the aperture of the suction canal, 
which is situated at the apex of the maxillary stylets. Towards the base 
of the latter the suction canal communicates with the pharyngeal duct, 
which is the narrow continuation of the pharynx into the labral region. 
The pharynx proper is the principal organ of suction, and its dorsal wall 
is provided with powerful divaricator muscles. In the region of the qpi- 
phaiynx there is, in most Hemiptera, a gustatory organ whose sensory 
cells commxmicate with the lumen of the phajyngeal duct through per- 
forations in a chitinous plate, which is a specialized development of the 
epiphar3nigeal manbrane. The greater part of the digestive canal is 
highly modified in both sub-orders though in totally different directions. 
In Heteroptera the mid-gut is frequently divisible into four sharply differ- 
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^tiated tracts (Fig. 351) : (i) An anterior sac-like chamber ; (2) a tnbnlar 
rqgion ; (3) an ovoid <*amber smaller than the first ; (4) a narrow tubular 
pc^on from which, in many families, numerous gastric coeca take their 
origin. In certain of the strictly predaceous groups these divisions are 
less evident, and the tubular 4th region is absent in those families which 
lack the gastric coeca. The hind 
intestine is very contracted and con- 
sists of a small bladder-like chamber, 
which receives the Malpighian tubes, 
and a very large rectal chamber, 
often much more extensive than the 
ist division of the mid-gut. The 
remarkable sasinc cceca have been 




S?io 351 — Digestive System of Lyg^idas. 

A, Biisstrs lEucoPTERu^ B, G2danc u 4 doe- 
EAZ/s (Posterior Portion only) 
e, gastiic uBca, t, ileum, chambers of mid 

intestine, mt, Malpighian tubes, or, asopbigus, r, 

Afimtf r.laevrkur 

Studied by Glasgow (1914), and thej 
present many variations in form, 
number and arrangement. In Bits- 
sus leucopterus there are 10 finger- 
like coeca present, in Anasa tnstii 
there are several hundreds in the 
form of closely compacted pockets, 
while in Dysdercus they are few in 
number (6 in the male and none in 
the female). The cceca are invari- 
ably filled with bacteria and, furthermore, the association is hereditary, the 
oi^anisms being present in the gut of the developing embryo. Th«r 
function appears to be that of inhibiting the growth of foreign bacteria, 
and so excluding the latter from the mid-gut. 

Among many Homoptera the oesophagus leads into a very capacious 
CTCm whi^ occupies a large part of the abdominal cavity, the mid-gut 
is WDg and tubular and reflected on the crop in an ascending tnann<2‘, 


Fig. 352. — A, Digestive System of a 

MEMBRACID (TElCENTHUa AlBOMAOUlAtUa) 

B, Transverse Section taken jusi 

BELOW Lins ou in A. 

a, anus ; 5m, basement membrane ; c. crop ; fCt Site 
chamber , As, hind inU«.tinr , m, mid intestine ; ml, Mai 
pighian tubes ; mu, muscles , oe, oesophagus , on, pomt o 
oiigin of Malpighian tubes ; t, rectum AfUr Kershaw. 
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with the result that its juncticm with the hind intestine comes to lie very 
far forwards along^de the oesophagus (Fig. 352). Owing to this dis« 
position, the insertions of the Malpi^ian tubes are likewise anteriorly 
situated, and these organs, together with the mid-gut and the hind-intestine, 
form a complex coil of tubes l3dng in the thorax (Kershaw, Psyche, 21). 
In the Membracid TricerUrus albomaculaius Kershaw {Ann. Soc, Ent. Belg, 
57) states that the basement membrane, and the external muscles of the 
crop and of the base of the oesophagus, separate from the epithelial walls 
of those parts, and enclose the twisted knot formed by the above visceral 
complex. The result is that the latter comes to lie in a chamber bounded 
externally by the basement membrane. A similar arrangement of the vis- 
cera is found in Ccrcopidae (Licent, Bull. Soc. Ent. Fr. 1911), in Coccidae 
and other Homoptera. The chamber or cavity 
thus formed is termed by Berlese the filter 
chamber. This authority suggests that, owing 
to the large surface presented by the mid-gut, 
where it is applied to the wall of the oesopha- 
gus and crop, the excess of hquid in the food 
will pass directly by osmosis through the inter- 
vening walls to the mid-gut, and thence through 
the wall of the latter into the hind intestine. 

In this manner liquid is quickly eliminated, 
while solid matter passes by the usual course 
through the whole digestive system. 

In the Diaspine Coccids the mid-gut is a 
closed sac (Fig. 353), entirely disconnected 
from the hind intestine, and the digestive 
juices render the food-contents capable of pass- 
ing by osmosis into the main hiemocoelic 
cavity. The waste substances therefrom are 
then taken up by the greatly enlarged Malpi- 
ghian tubes (Berlese). Childs (1914), although 
not disputing Berlese’s views as to digestion in 
these insects, states that continuity with the 
hind-intestine obtains by means of an ex- 
tremely short solid cord, and that the usual 
condition observed by Berlese is due to its 
rupture by the action of fixing fluids prior to 
section cutting. 

ilie prevalent number of Malpighian tubes 
in Heteroptera is 4, but in Lethocerus there are 
2 (Locy). Among Homoptera they are more variable; thus, in Membracid* 
there are 4 united proximally in pairs (Kershaw), and the same number is 
present in Cicada. Among Coccid® there are generally 2 tubes of very 
large calibre and but little convoluted, but in Icerya there are 3 (John- 
ston) and in Xylococcus 4 (Oguma). Among Aphidid* Malpighian tubes 
are absent. 

Salivary Glands. — ^These organs exhibit a marked uniformity of 
structure among Heteroptera, and have been very fully investigated by 
Bugnion and Popoff (1908, 1910) and Faure-Fremiet (1910). The principal 
gland (Fig. 354) is ordinarily bi- or pluii-lobed and situated in the thorax ; 
dte accessory gland is most often filiform. The main salivary duct arises 
it the point of junction of the lobes of the principal gland and, in the same 
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Ig, ligament; oe, oesophagus; r, rds* 
trum ; sg, salivary glands ; u, ureter. 
Other lettering as in Fig. 338. if/jHar 
Beilese, Jiiv at Pat Veg 5. 



358 


HEMIPTERA 


region, it receives the long sinuous duct of the accessory gland of its side. 
The two main ducts of opposite sides convwge to form a common canal 
opening into the salivary pump. In the zoophagous forms (Harpactor, 
Reduvius personalu$ and the Cryptocerata) the accessory gland is thin-walled 
and modified to form a reservoir. In some forms (Naucoris) the prin- 
cipal gland is very large and may extend into the abdomen. 

In Fulgora there are three pairs of glands corresponding to the anterior 
and posterior lobes of the principal gland and the accessory gland of Heter- 
optera. In Cicada there are likewise three pairs of glands. Among aphides 
2 pairs of simple sac-like glands are located in the prothorax in Eriosotna 
and Lachnus ; in Phylloxera vastairix and Chermes lapponicus 3 pairs 
have been described. Among Coccids the glands are bilobed in ^pido- 
saphes and Xylococcus ; in Icerya each gland is reduced to 3 multinucleate 
spherical cells (Johnston). 

The salivary pump or “ syringe *’ is a very characteristic structure 
in Hemiptera and is attached anteriorly to the hypopharynx. It is pro- 
vided with stout muscles and 
functions as a force-pump, pro- 
pelling the saliva down the 
ejection canal. 

Odoriferous Glands.— 
Odoriferous or repugnatorial 
glands are characteristic of a 
large number of Ileteroptera, 
and open to the exterior by 
means of a pair of ventral 
pores or slits situated near the 
coxae of the hind-legs. Each 
opening is surrounded by an 
evaporating surface, which re- 
tains the secretion while it 
volatilizes and prevents its 
more extended difiusion : the 
surface of this area is usually 
finely rugose or granulated 
(Schiodte). 

In Lethocerus the glands 
form a pair of convoluted tubes and their odour is said to resemble that of 
ripe pears or bananas (Locy, 1884) : very similar glands have been found 
by Bordas in Gerris. In the nymphs the mcta-thoracic glands are want- 
ing, their place being taken by dorsal abdominal glands which assume the 
form of small integumentary invaginations. 

Wax Glands. — These are prevalent in many Homoptera. They are 
usually unicellular and may occur either singly or in groups (vide p. 147). 
They are well exhibited in the oriental Phromnia marginella, where they 
are situated beneath series of chitinous plates on the dorsum of the abdomen : 
each plate is studded with pores which are the apertures of the wax glands. 
In various Aphididse {Pemphigus, Adelges, Eriosoma, Lachnus, etc.) the 
plates are se^entally arranged in longitudinal series. The product 
of the glands is commonly in the form of a powdery secretion, or of dense 
flocculent threads. 

The Nervous System exhibits a very uniform and complete degree 
of concentration. The abdominal ganglia are to a large extent fuHed 



Fto. 354. — Salivary Giands of A, LroAva 
APVAir8\ B , Notomcta maivlata. 

SDp salivary duct; AG, accessory gland, PG, prinapal gland. 
After Bugnion, 1908 (reduced) 
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up with the thoi^c, though the connectives persist as the main single 
or paired abdominal nerve which gives off lateral segmental branches. 
The most extensive studies are those of Brandt (1878) and the following 
grades of concentration in the ventral ganglia are recognizable. 

(1) Three ventral ganglia present {Lygaus, Capsus, Noionecta, Aphrophora, etc.). 
The infra-oesophageal and ist thoracic ganglia are separate, while Ihe abdominal 
ganglia are fused with those of the 2nd and 3rd thoracic segments to form a common 
centre. 

(2) Two ventral ganglia present (Aphidids). The first is the infra-oesophageal 
ganglion, while the thoracic and abdominal ganglia are merged into a common centre. 
In the Nepidae the prothoracic and infra-oesophageal ganglia are apparently fused 
since the nerves supplymg the first pair of legs issue from the latter ccntie. 

(3) A single ganglionic centre formed by the coalescence of all the ventral ganglia 
(Hydrometra and Coccidse). 



The Dorsal Vessel has been very little investigated : a 5-chambered 
heart is present in Lethocerus (Locy), but there is no definite dorsal vessel 
in Coccidae. Among 
Aphididae it was first 
described by Witlaczil 
(1882), and Mordwilko 
(1895) refers to a cham- 
bered vessel in Trama. 

No trace, however, has 
been found in Phyllox- 
era (Dre5dus) or in the 
apterous viviparous 
female of Eriosoma 
(Davidson). 

Pulsatile Organs 
occur in various aquatic 
genera. They are pre- 
sent in each pair of legs 
and, owing to the opa- 
city of the integument, 
are best observed in 
the nymphs. Brocher 
(iqoQA) has studied 
these organs among 
Ciyptocerata : they are present at the base of the ist tarsal joint of the 
antenor legs, and at the base of tibia in the other pairs. In Ranatra each 
oigan consists of a pulsatile membrane lying longitudinally in the cavity 
of the limb ; it serves to ensure the circulation of the blood in the extremi- 
ties. Pulsatile organs are also present in the tibiae of Philanus (Gahan) 
and in aphides (Richardson). 

Reproductive System (Figs. 355, 356). — ^Each ovary has a variable 
number of ovarioles which are composed of a small number of follicles 
(usually 1 to 4). In structure the ovarioles are commonly of the acro- 
trophic type, but their histology has not been extensively studied in this 
order : in certain Heteroptera protoplasmic cords connect the nutritive 
cells with the developing oocytes. In this sub-order the ovarioles are 
few in number, generally 4 to 7 {Lethocerus and Ranatra 5, Triatoma 
and Cimex 7). Holmgren (Zoo/. Jahrb. Syst. 12) figures the reproductive 
system of certain Auchenorh}mcha and the ovarioles varied in the examples 
stuped from 3 in Eupteryx to 9 in PhUeenus. Among Stemorhyncha 


Fig. 
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355. — Rfproductive 
Cjmjsx norvA da i va 


Organs (right side only) 
1 Male, n Female, 


a, adeagus ; a g, accessory gland , a I, accessory lobe of tcbtis ; od, oviduct ; 
ov, ovary ; s, sperniathec v ; I, testis ; vd, vas deferens. Adapted from Pattoo 
and Cragg. 



3TO 




there are 8 or 9 short dvarioles in P^Ik moH (Awati), but in P, aim 
^ere are 40-50 (Witlatzii)* In Coccid® they are numerous, each con- 
sisting of a single follicle arising from a wide oviduct ; in Icerya (John- 
ston, 1912) the oviducts are united anteriorly, forming a broad loop. In 
Aphididae the number of ovarioles varies in individuals of the same species, 
and different phases of the lifc-cycle. Thus, in Phylloxera vastatrix, in 
the apterous parthenogenetic forms they vary from one or two to thirty 
according to conditions (Foa), each containing two follicles ; in the alate 
females there are usually two, and in the sexuales of this species and also 
Eriosoma lanigera (Baker, 1915) there is a single unpaired unilocular ovariole. 
Spermathecse are very generally present among Hemiptera : in Triatoma 
they are small and paired, but there is usually a single dorsal or ventral 
organ, often of complex structure. Accessory glands, two or three in 
number and either tubular or globose, are of general occurrence, bujt arc 
wanting in the Diaspine Coccidae (Berlese). 

In §imex there is a small rounded body, known as the organ of Berlese, which 
is situated in the ventral region of the abdomen (vide Gragg, Ind. Jouvn, Med, '}Res. 
8, 1920). It is usually unpaired and lies on the right side, its external opening beLig 

in close association with a small longitudinal 
incision on the 4th sternum. The organ func- 
tions as a copulatory pouch which receives the 
spermatozoa discharged during coition. After 
the latter process is accomplished the sperma- 
tozoa pass in large masses through the haemo- 
coel into the spermathecae. The latter organs 
are stated to be unconnected with the common 
oviduct and it appears that the spermatozoa 
migrate from the spermathecae tlnough the 
wails of the paired oviduct in order to reach 
the eggs. It is probable that the excess spei- 
matozoa are utilized by the female as nutri- 
ment during oviposition — a process which is 
termed by Berlese " hypergamesis ; when 
and by what means absorption occurs needs 
investigation. 



Fig. 356.~Female Repkoductive 
Organs of Phylloxera VASTATRix. 

A, of winged agamic form : D, of sexual form 
CG, colleterial gland and reservoir /?, ; G, ger- 
marium; G/f,gonital aperture; 0, ovum; OD, 
obmmon oviduct; 5, spermatheca; K, vagina. 
Aftir Balbiani. 


The male organs are so variable in 
form that a brief general description 


is very inadequate. It may be mentioned, however, that in Ranatra 
■fusca each testis consists of six follicles enclosed in a scrotum, and the 
vas deferens on either side is enlarged to form a vesicula seminalis (Mar- 
shall and Severin, 1904). In Cicada orni the testes are ovoid with long, 

' dender vasa deferentia ; paired filiform accessory glands are. present, to- 
gether with an unpaired vesicula seminalis, situated at the point of union 
of the vasa deferentia (Dufour). In Coccidae the male organs are very 
simple : the testes are in the form of ovoid sacs, either with or without a 
vesdcula seminalis. 

The Pseudovitellus. — ^In most Homoptera there is, in the abdomen, 
,ai...mass of cell-tissue, — ^the pseudovitellus or mycetome. In Aphididae 
:^e appearance and distribution of this tissue depends upon the stage 
rvlii developmait of the individual. It takes the form of small groups of 
llsoge rounded conspicuous cells and is regarded by Witlaczil as beii^; 
!i:^greretory in function; other authors ascribe to it a nutritive valne. 
f^^According to Suk \Siiz. Kdnig. Bohm. Ges. W^*ss., Prog, 1910) and also 
'{^‘(Arch. Protistenk. 1912) the (ogan contains great numbers of 
^ttucrodrganisms which au'e harboured in cells known as mycetocy^l^'' 
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tl^ assodation is daiined to result in the micro&iifaaisins |inrofitittg 
the protection and nutrioit matter which they receive, while they benefit 
the host as absorbers of waste products or excess food materials. Buchner 
has also shown that a certain number of the organisms migrate to the 
eggs and are thus transmitted from one generation to another. For other 
studies on the subject see Buchner (1930) and Uichanco (1924). 


Metamorphoses 

The eggs of Heteroptera (Fig. 357) exhibit great diversity of form, chorionic 
structure, and colouring (vide Heidemann, 1911). The various types are 
peculiarly constant for different families and, when further studied, will 
evidently afford characters of classificatory value. Many are adorned 
with delicate sculpturing and spines or filiform appendages. In several 
families (Pentatomidae, Coreidae, Reduviidae, Phyma- 
tidas, Cimicidae, etc.) there is a conspicuous oper- 
culum (Fig 363), often of complex structure, which 
is usually liberated at the time of hatching. At 
the upper pole of the egg, notably among Pentato- 
midae, Tingidae, and Reduviidae, there is a circlet of 
peculiarly shaped chorionic processes disposed 
around the rim of the operculum. Tljese were 
originally tenned by Leuckart “ seminal cups ” 
from the belief that they afforded a means by which 
the spermatozoa entered the egg ; by certain more 
recent observers they are regarded as a mechanism 
to ensure the access of air to the interior of the egg. 

Whether their function is micropylar or otherwise is 
unsettled in the absence of direct observation. A 
T-shaped denticle, or egg-burster, is present in the 
newly hatched nymphs of Pentatomidae and 
Coreidae ; it is cast during the first moult, before 
the insect completely issues from the egg, and is 
usually found adhering to the empty chorion. 

Among the Homoptera the eggs, as a general 
rule, are ovoid and of much simpler structure : in 
the Ale3rrodid£e and Psylla, however, they are often 
provided with a filamentous prolongation at one 
pole (p. 379) : am egg-burster is present in aphides. 

Postembryonic development m Hemiptera is gradual, but colour changes 
are often very marked. The most sharply pronounced modifications 
are concentrated in the last eedysis from the’ final nymph to the imago. 
The external morphological changes during development involve the 
joints of the antennae and tarsi, the latter frequently not attaining their 
full number until the adult instar. The shape of the head and thoracic 
segm^ts, more particularly the pronotum, undergo marked changes k 
difierent instars. Wing rudiments are small or scarcely distinguishable 
in the 3rd instar but are evident in the 4th. Among Heteroptera tiie 
usual number of instars (including the adult) is six ; Dindymus sanguineus, 
however, is exceptional in passing through nine instars (Muir and Ker' 
shaw), 

In Homoptera the number of instars is subject to great variation ; 
tn Psylla and Empoasca thm are six, in aphides five except in the apterous 



Fig. 357 — Eggs of 

Hi rEROPTERA. 

A, a Pcntatornid, Eusiktsita 
{after Heidemann) B, Ranatm 
and C, Nepa {afUr Schoiiteden)* 
opr operculum, cp, (hononle 
process s , cp^t one of the latter 
more enlarged. 
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^ylloxerinse, where there are four, and the latter numl^r is recorded itj 
Aleyroies. The highest observed number is seven (in Cicada septen^cim) 
and the lowest in Coccidae where, as a rule, there are '^ree instars in the 
fonales, and four in the males. In the males of Coccidae the last instar 
but one is the pupa, and the same obtains in both sexes of Aleyrodidae. 

Glassification 

The growth of detailed knowledge during the last 25 years has resulted 
in the recognition of an increasing number of families of Hemiptcra, and 
scarcely any two authorities are in complete agreement with regard to the 
system of classification employed (vide Horvath, 1911). The only general 
catalogue of the Hemiptera of the world is that of Lethierry and Severin 
(1893-96) which, however, is incomplete and only comprises the I^eter- 
optera (excluding Capsidae and Cryptocerata), but has been brought up 
to date by Bergroth (1913). An ainirable classified and annotated guide 
to much of the more important taxonomic and faunistic literature is 
provided by Oshanin (1916), and is indispensable to all who require a 
detailed acquaintance with the order. The same author’s catalogue of 
the palaearctic species (1906-10) and his later list (1912) are also valuable 
Van Duzee (1917) has catalogued the N. America forms giving very full 
synonomy. 


Sub-order i. HETEROPTERA 

Wings generally overlapping on the abdomen, the fore pair usually mem- 
branous apically. Base of rostrum usually not touching anterior cox® 
Gular region chitinized. Pronotum large ; tarsi usually 3-jointed 
Metamorphosis incomplete. 

Series I. gymnocerata 

Antennae conspicuous, freely movable in front of the head. 

Series II. cryptocerata 

Antennae conceded either on underside of head or in fovae beneath the 
head. Aquatic. 


Sub-order 2. HOMOPTERA 

A very diverse assemblage. Wings usually sloping over sides of body, the 
fore pair of uniform consistency throughout: apterous forms frequent 
Base of rostrum extending between anterior coxae. Gular region mem- 
branous or wanting. Pronotum small ; tarsi i- to 3-jointed. Metamor- 
phosis usudly incomplete, sometimes complete in mde, more rau’cly so in 
female. 

Series I. auchenorhyncha 

Antennae very short with a termind auista ; rostrum plainly arising from 
the head. Tarsi 3-jointed. Active forms, capable of free locomotion. 

Series II. sternorhyncha 

Antennae well devdoped without conspicuous termind airista, sometimes 
atrophied. Rostrum apparently arising betwerai anterior coxae, or wanting. 
Tarsi T or 2-jointed. Species often inactive, or incapable of locomotion 
(in the femde). 
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Sub-order 1. HETEROPTERA 

The classification of this sub-order has been discussed by Reuter (1910) 
who revised the various systems proposed and criticized the values of the 
characters utilized. In addition to this work the reader should also con- 
sult Schiodte (1870), who lays great stress on the method of articulation 
of the hind coxae, and the tentative paper by Kirkaldy (1908). In view 
of the want of agreement in the classifications proposed by recent authori- 
ties (Horvath for example recognizing no less than 46 families) we have 
followed the more antiquated schane adopted by Distant (1902, Vol. I), 
which will be found applicable to the needs of the non-specialist. The 
time-honoured division of the Heteroptera into Gymnocerata and Crypto- 
cerata separates these two groups on obvious antennal characters and 
divides the truly aquatic forms from those which are either only surface 
dwellers or terrestrial in habit. It involves, however, the inclusion of the 
Nepidse in the Cr3q)tocerata, whereas recent research indicates that their 
affinities lie near the Reduviidae. 

The standard work on the British Heteroptera is that of Saunders 
(1892) and their biology is very fully treated by Butler (1923). For the 
European species the most important treatises are those of Fieber (1861) 
and Stal (1870-76) ; the latter author’s monograph of the African forms 
is also valuable. Puton’s synopsis of French Heteroptera (1878-81) is 
very practical and most of the European species may be identified with 
its aid. 

The following key will aid in the identification of the families of Gymno- 
cerata. 


1 (30). — ^Abdomen devoid of ventral silvery pubescence : non- 

aquatic, 

2 (3). — Parasitic : ovoid, flattened insects ; hemelytra vestigial ; 

no ocelli; rostrum and tarsi 3-jointed. 

3 (2). — Not as in (2). 

4 (5) . — Scutellum very large, at least reaching base of membrane 

or middle of abdomen. 

5 (4), — Scutellum not reaching the base of membrane or middle 

of abdomen. 

6 (25). — Cuneus absent: meso- and meta-plcura simple. 

7 (20). — Tarsi 3-jointed. 

8 (15). — Rostrum straight, lying against under surface of head. 

9 (12). — Antennae inserted on upper part of sides of head. 

10 (ii). — ^Legs moderately long, apices of femora not clavate. 

11 (10). — ^Legs long and slender, femora clavate at apices. 

12 (9). — ^Antennae inserted below a line drawn from the eye to 

the apex of face. 

13 (14). — Ocelli present. 

14 (13). — Ocelli absent. 

1 5 (8) . — Rostrum bent at base and not lying in contact with under 

surface of head. 

16 (17), — Rostrum long: ocelli between the eyes. 

17 (16), — Rostrum short: ocelli, when present, behind the eyes. 

18 (19). — ^Hemelytra complete. 


Cimicidae 
(P- 368) 

Pentatomidas 


(p. 364) 


Corcidae 
(P- 365) 
Bcrytidae 
(P- 365) 


Lygaudae 

(P- 365) 
Pyrrochoridae 
(p. 366) 


Saldidae 
(P 369) 

Reduviidas 
(P- 367) 
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19 <i8),— Hemelytra entirely mmbranotis. 

20 (7). — ^Tardi of less than 3 joints. 

21 (24) — ^Anterior legs normal 

22 (23) — ^Hemelytra with cellular or reticulate pattern. 

23 (22) — ^Hemelytra without such pattern 

24 (21) — Anterior legs short and stout, fc mora thick, tibia? cm ved 

and pointed tarsi ofien absent 

25 (6) — Cuneus present, meso- and inela pleura subdivide'd 

26 (2g) — Embohum present 

27 (28). — Antennae elongate and slender with long haiis 3rd and 

4th joints together twice as long as ist and 2nd 

28 (27). — ^Antennae moderate, without long hairs, 31 d and 4th 

joints much shorter than ist and 2nd 

29 (26). — Embohum absent or indistinct 

30 (i). — ^Abdomen clothed ventrally with silvtry pubescence: 

aquatic 

31 (32) — ^Antennae 5-jointed. 

32 (31). — ^Antennae 4-jointed. 

ao nr#'«!ent 

oj ^aa\ — -Orplli ah<5#*n+ 


In addition to the foregoing the Polyctenidae (p. 369) are a small, highly abeirant 
family parasitic on bats 

FAM. PENTATOMID.® (Shield Bugs).— scuru i um usually vlry largf 

REACHING Af LEAST TO THE BASE 01 IIIL Ml MBRANE, SOMFllMl S ENTIRELY COVERING 
THE ABDOMEN. ANTLNNiE INSERTED ON LOWER SIDE OE HI* AD, USUALLY 5-JOINTLD J 
ROSTRUM 4-JOINTED. 

The largest family of Heteroptera, over 3,700 species were listed by Lethicrry 
and Sevenn (1893) 3 *nd many more have been added smee. Its members are 
^adily separable from other Gymnocerata owing to the scutellum extending to the 
base of the membrane. Many species are remarkable loi their beautiful colora- 
tion, and practically all have the property of emittmg a nauseous odour which i« 
caused by a fluid excreted through two ventral openings — one on each side of the meta* 
sternum. 

vast majority are vegetable feeders but members of the subfam Asopinae are 
chiefly predaceous, particularly upon lepidopterous laivae. Nymphs of Zicrona 
cesrufea are recorded by Kershaw and Kirkaldy (1908) in China to prey upon 
Urvs of Haltica casrulea OJiv. while the adults attack the beetle of that species. Others 
(ex. Ptcromerus btdens L.) appear to live on either plant or animal tissue. In temperate 
regions the species appear to be mamly single-brooded, the nymphs occurring m spring 
or e^ly summer and the adults later — ^many of the latter hibernate. The eggs arc 
usuany barrel-shaped and deposited m compactly ananged masses. The nymphs 
aw flattened and rounded in outlme, their coloration is often striking and usually 
dinewnt from that of the adults ; for observations on the metamorphoses of the 
famity vide Momll (1910). The life-history of Chrysocons stolht Wolff, m S. Chma, 
^ been briefly described by Kershaw and Kirkaldy (1908). That of the oriehta! 
Tessaratoma papillosa has also been followed by Kershaw (1907) ; the early stages 
are found on ** logan " and " lichee fruit trees winch they apparently injure. BoU; 
^es have the property of stridulalion (p 354) and are also able to eject an obnoxious 
ffuid to a distance of 6-12 mches (Muir, 1907). In the later nymphs there are foui 
pam of dorsal abdommal odoriferous glands which atrophy m the adult, and arc 
r(^laced by the usual ventral thoracic gland. Maternal mstmet is exhibited ii 
T^ocorts lineola, the parent restmg in a brooding attitude over the eggs, an<! 
ra^^uently remammg for a while m close proximity to the newly hatch^ youn^ 

1904)- ?n Acanihosoma tniershnetum L., which occur! 
m birch in England, etc., the fen^e likewise manifests parental care for the eggs anc 
young* 

Cwtain exotic genera (Cerotoeoric and Elapluoxygum) exhibit a remarkable eeaw 


HenicoMfihaUdx 
(P- 367) 


Tmgidse 
(P 366) 
Aradidse 
(p 366) 
Phvmatidae 
(p 3P7) 


Cerato( omhidse 
(P 368) 
Anthotoridae 
(p 3P8) 
Capsida? 

(p 369) 


Hebtidap 
(P 3 W>) 

llydrometrid* 
(P 3W)) 
dZpopliUidse 
(P 367) 
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dixnoi^liism, the males having the head greatly produced In hront dl the eyi^, 
prominent horn-like projections. Only a few members of the family occur in thh 
Biitieh Isl^s and are found on various trees and shrubs. On the o^er hand over 
200 gertera ate known from the Indian Empire which is evidently one of the most 
prOlilc regions of the world for these insects. Notwithstanding their abundance; 
Pentatomids are rarely major pests of crops. Murgantia histrionica Hahn, the 
Harlequin Cabbage Bug ** of the United States and Central America, is one of the 
best known and is especially partial to Cniciferae. Pentaioma lignata Say is the 
Conchuela '* of N. America which is injurious to various plants (Fig. 358), Nesa^a 
viridula L. is remarkable in that it is almost world-wide in distribution. 

The division of the Pentatomidae into subfamilies is subject to much diver* 
sity of opinion ; fifteen were recognized by Lcthierry and Severin but the Plata* 
spidinae, Cydninae, and Urostylinae are elevated by more recent writers to the rank 
of separate families. For a generic monograph vide Schouteden ; the catalogue 
by Kirkaldy (1909) gives full bibliographical references including habits and food- 
plants. 

FAM. COREIDiE. — antenna 4-jointed, inserted on the upper part of the 
SIDES OF THE HEAD ; TARSI 3-J01NTED. A Considerable family of, as a rule, dull 
coloured insects ; Serineiha Spin, and a few other genera, however, are brightly 
coloured. They arc very 
variable in form but nar- 
rower and more oblong 
than Pentatomid®. The 
property of emitting nau- 
seous odours is well de- 
veloped, and they are 
stated to be more pene- 
trating than those of the 
former family. Many 
genera exhibit extraordin- 
ary dilations of the an- 
tenn® and tibi® but the 
function thereof is un- 
loiown. At least 1,400 
species have been de- 
scribed, and Lcthierry and 
Severin recognize no less 
than 29 sub-families, many 
of which are extra-Euro- 
pean ; the largest number 
of species are included in 

the Mictin®. Coreid® are 358- — Pest atom a uqsata. 



all vegetable feeders and «, imago; 6, egg-mass; c, egg after hatching with operculum removna 
IfTiftwn showing egg burster; rf, egg before hatching, from above; lateral views 

one 01 tne oest Known showing operculum, ah magnified. Afttr Morrill, c 7 .S. Enf. bSa* 

species is the “ Squash 64, Pt. i (reduced). 

Bug " (Anasa tristis Deg.) 

which attacks Cucurbitaceous plants in N. America ; Leptocorisa varicornis F. is an 
^iental pest of rice and millet. Twenty-one species occur in Britain. 

FAM. BERYTIDiE. — ^differ from coreid^ in the longer and more slender 


LEGS AND THE CLAVATE APICES TO THE FEMORA. These are delicately formed insects, 
never very common, and sometimes known as “ stilt bugs." In habits they are 
alnggish, frequenting undergrowth and meadows. Although they are probably 
universally distributed, their small size and fragility have caused them to be over- 
looked, and the tropical forms have been very little collected. Eight species occur 
in Britain. 


FAM. LYG-®IDA. — ANTENN.® SITUATED BELOW A LINE DRAWN FROM THE CENTRE 


OE THE EYE TO THE APEX OF THE FACE. TARSI 3-JOINTED, OCELLI PRESENT. The 

Iiyg®id® (Fig. 339) resemble the Coreid® in general form but are usually smaller, of 
8 £^er texture and often brightly coloured. All are plant feeders and mostly occur 
in haqss, surface rubbish, beneath stones or low plants, but a few may be taken by 
iti^cping. Blissus leucopterus Say is the American “ Chinch Bug," which is very 
grasses and cereals; Oxycarenus hyalinipmnis CostB. is the Egyptian 
Stainer "and Nysius vinitor Berg, is stated to be most destructive to froil\ 
in Australia* Lcthierry and Severin recognize 13 sub-families which include, 
species; rather fewer than 70 species are British. 
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FAM. PYRRHOCORlDilS (Red Bugs ). — separated prom the ltojeid^ by trh 
ABSENCE OP ocELU. A Small family whose members exhibit strongly contrasting red 
and black coloration and include the well-known cotton stainers *’ {Dysdercus Amy. 
and Serv,), The latter comprise many species, widely distributed in warm countrioh 
<Fig. 344), The name ** cotton Stainer ** is derived from tlieir habits of piercing the 
bolls and staining the fibre. D. cingulaius F. is a serious cotton pest in India and D, 
sulphurellus H.S. is prevalent in N. America. The widely distributed Pyrrhocons 
apterus Fall, is the only British representative of the family, and is remarkable on 
account of its alary dimorphism. Muir and Kershaw (Jour. Bombay N.H, Soc, iqo8) 
have followed the life-history of Dindymus sanguineus which is carnivorous, feeding 
on flies ; the nymphs however, apparently prefer termites. The oriental Lohiia 
grandis attains a length of over 2 in. and is sexually dimorphic, the male having 
the antennae and abdomen greatly elongated. 

FAM. ARADIDi®. — BROAD flattened specif.s with the head produced 

BETWEEN THE ANTENNiE. ABDOMEN BROADER THAN WINGS, HEMELYTRA WITH CORIUM 
AND MEMBRANE. ANTERIOR LEGS INSERTED ON THE MIDDLE OF THE PROSTERNUM, 
TARSI 2-joiNTED. All are broad flattened insects adapted to live in the narrowest 
of crevices, under bark, in chinks of dead trees, among fungi, etc. and are greatly 
compressed in the dorso-ventral plane. They are allied to the Tingidae but are usually 
easily separated by the absence of reticulation. Very little is known about their 
habits, but oviposition diffeis from that vrhich obtains in the next family, the eggs 
being external and not inserted into plant tissues. Aradus F. is world-wide in 
distribution with many species. 

FAM. TINGIDiE (Lace Bugs). — sm\ll flattened in- 

SFCTS WITH THE PROTIlORAX AND HEMELYTRA ADORNED WITH 
A CELL-LIKE PUNCTURATION OR RETICULAIION. ANTERIOR 
LEGS INSERTED ON HIND MARGIN OF PROSTERNUM, TARSI 2 - 

joiNTED. These attractive insects exhibit great variety of 
form, the prothorax often being produced into laminate out- 
growths, or the whole body may be margined with closely set 
spines. The pronotum is also prolonged backwards so as to 
cover the scutcllum except in Piesma L. & S. (which is further 
exceptional in possessing ocelli). In some genera there are 
crest-like modifications of this region suggestive of the Mem- 
bracidae. All species are plant feeders and sometimes occur m 
sufficient numbers to constitute minor pests. The eggs are 
frequently inserted upright in the plant tissue, and are in- 
vested with a brown viscid substance which hardens to 
form a cone-like elevation on the surface of the leaf. The 
immature stages are very different from the adults, the 
characteristic ornamentation of the latter not appearing 
until after the last moult. Tlie metamorphoses of several species are known ; 
those of Leptobyrsa explanata Heid. are well figured by Crosby and Hadley 
{Jour. Econ. Ent. 8). Stephanitis {Tingis} pyri F. attacks pear and apple in Europe, 
badly infested leaves dying. Species of Copium Thiinb. are known to form galls 
on Teucrium and, according to Houard, castration of the floral generative orgaui 
results. For a monograph on the species Piesma quadrata, see Willc (1929). 

FAM. HEBRlDiE. — abdomen clothed VENTRALLY with SILVERY PUBESCENCE 
ANTENNiE 5-J01NTED, TARSI 2-JOINTED. A Small family of minute subaquatic species 
found amongst Sphagnum, Lemna, etc. in marshes and other wet localities. Hebru. 
Cnrt. {Naeogeus I.ap.) is widely distributed with two Briti^ species* 

FAM. HYDROMETRIDi® (Pond Skaters) .—aquatic, clothed ventrallt 

WITH SILVERY PUBESCENCE. HEMELYTRA OF UNIFORM TEXTURE UNDIVIDED INK 
areas ; ANTENNiE 4-J01NTED. A family including some very heterogenous form 
exhibiting habits of great biological interest. All are aquatic or subaquatic an( 
mainly feed upon dead insects or those which accidentally occur floating on the surface 
The ventral pubescence renders them incapable of being wetted and odoriferous sac; 
are absent. Both macropterous and apterous forms are frequent. Mesovelia Muls 
and Rey, frequents the leaves of water plants and imbeds its ova in the stems thereoi 
For its life-history consult Hungerford {Psyche, 1917) and Butler {Ent. Month. Mag 
1893). Hydrometra Latr. frequents stagnant water ; it is very elongate and linear wit! 
a greatly attenuated head (Fig. 360). It has the peculiar habit of crawling slowly ovei 
the surface of the water. Velia Latx. afiects streams and is often gregarious i xnacrop 
terous forms are rate and the heinelYtca, uihen axa 

au?C\nst t\ie current of swift streams. The last tarsal joint of 
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middle pair of legs has a fan 4 ike arrangement 6f hairs which spreads out and 
functions very much after the manner of the webbed feet of waterfowl (Bueno), 
Gerris F. is universally distributed and readily distinguishable by its long legs and 
habited jumping along the surface of the water. Its ova are stated to be deposited 
m a ^oup surrounded by a kind of mucilage and attached to submerged plants : 
very little detailed information has been published on its metamorphosis. Halo^ 
hates £sch. and its allies are apterous and frequent the tropical and subtropii^ 
oceans, often occurring many hundreds of miles from land. They have been 
observed running over the surface of the sea in calm weather and feed upon dead, 
floating marine animals. An account of the structure of Halobates is given by White 
(1883). 

FAM. iSPOPHILlOiS. — separated from hydrometrida by the contiguous 
coxM, VISIBLE scuTELLUM AND ABSENCE OF OCELLI. A family including a single 
species Mpophtlus bonnatrei Sign. This insect has vesti- 
gial hemelytra and lives beneath stones, etc., some distance 
below high-tide mark on the coasts of Ireland, South 
England and neighbouring countries of Europe. Its bio- 
logy has been studied by Lienhart (Ann Sci, Nat, 1913). 

FAM. HENlGOGEPHALIDifi. — ROSTRUM SHORT, 

CURVED AT THE BASE SO AS NOT TO LIE AGAINST THE VEN- 
TRAL SURFACE. HEAD VERY LONG, CONSTRICTED BY A 
TRANSVERSE POST-OCULAR IMPRESSION. PRONOTUM WITH 
TWO TRANSVERSE CONSTRICTIONS, APPEARING TRISEG- 
MENTED. HEMELYTRA ENTIRELY MEMBRANOUS. A very 
small but widely distributed family, the members of which 
occasionally appear in swarms like midges ; such swarms 
have been observed in South America, Tasmania, and 
Ceylon. In Mnictopechys allaudi Jean. (Africa) the rostrum 
projects forwards in a manner quite different from other 
Hemiptera, and its apex is bifid. 

FAM. PHYMATIDifi (Macrocephalidse). — fore-legs 
SHORT AND VERY STOUT, WITH LONG COXAS, SHORT THICK 
FEMORA, AND CURVED POINTED TIBIA. TARSI 2 -JOlNTED, 

SOMETIMES ABSENT. The members of this tropical family 
are predaceous, with the fore-legs adapted for grasping. 

Some of the species have the habit of secreting themselves 
in flowers for the purpose of securing prey which may 
come within reach. In tlie oriental genus Carcinocorts 
Handl. the whole body is margined with flne spines and the 
front tibia is articulated to the femur in such a manner as 
to form a pair of pincers. The prey of these insects con- 
sists of small members of other orders and also Tenthre- 
dinid larvae. 

FAM. REDUVIlDiE (including Nabidss). — rostrum 
SHORT, USUALLY 3 -JOINTED, CURVED SO AS NOT TO LIE 
AGAINST THE UNDER-SURFACE OF THE HEAD WHEN IN RE- 
POSE. OCELU, WHEN PRESENT, PLACED BEHIND THE EYES. 

ANTENNA FILIFORM. HEMELYTRA, WHEN DEVELOPED, COM- FlG. 36a — HrjtROMBTBA 
PLETE. This extensive family exhibits an extremely wide maqnorvm x 8*5. 
range of variation in form among various genera, such dis- Britain. 
similarity being scarcely paralleled in any other family of 

insects. Upwairds of 2,000 species are known and are grouped in twelve sub- 
families, of which the largest is the Harpactorinae. By some authorities the Nabi- 
dinae and Emesinse are regarded as separate families. There are eighteen British 
species, which mostly pertain to the Nabidinas. A large number of members of the 
family are predaceous and are sometimes known as ** Assassin Bugs.** Although 
usually living on the blood of other insects they occasionally attack the higher 
animals, including man ; some species, p^ ssibly, are vegetable feeders. Triatoma 
Lap. (Conorhtnus) includes voracious blood-suckers and is largely American. T. 
megisia is the main carrier of Trypanosoma cruzi, the causal agent of a fatal form 
of human trypanosomiasis in South America. T. rubrofasciata Deg. also extends 
into Madagascar and South Asia ; its nymphs are common in houses, where they 
are partially concealed with floor debris. It has been suggested that thas species is 
concerned with the transmission of Kala-azar. The punctures oi species of Tria- 
cause a burning which may last for two to four days. According to 
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Coxnmli and Patton the secretio& tom the ovoid salivary ^nds o£ 7. nt^fMsciata 
contains a powerful anticoagulin and is probably the source of the irritation in- 
Reduvius personatus L. (Fig. 361) also frequents hoims^ normally^ preying 
tipon Cimex and other insects ; it is known to attack man, indicting severe pain. 
JUthougb uncommon in Britain it is widely distributed in Europe, and has been intro- 
duced into North America. Certain members of the large genus Acanthaspis Amy. d 

Serv. are also capable of inflicting painful punctures. 
Among the more exceptional members of the family is 
the genus AJrodecius Jeann., in which the third joint ot 
the rostrum is apposible to a process on the second joint, 
suggesting an organ of prehension. The insect is African 
and resembles Lycus (Coleoptera) in form and coloration, 
Rhaphidosoma Amy. d Serv. is apterous and greatly 
attenuated, resembling Phasmids. Arilus (Pvionidus) 
cristatus L. is the “Wheel Bug“ of North America, 
which frequents fruit-trees, preying upon various soft- 
bodied larvse. Harpactor costalis Stal. preys up^n Dys- 
dercus cingulatus in India, closely resembling it in 
coloration (Lefroy). Nabis Latr. and its allie^j’ difier 
from all other Keduviidas in the rostrum bi^ng 4- 
jointed. 

FAM. CIMIGIDiE (Acanthlida: Bed-bugs) .-4i|)voiD 

FLATTENED INSECTS WITH VERY SHORT HEMELYTRA ; 
ROSTRUM LYING IN A VENTRAL GROOVE, OCELLI AB^NT, 
TARSI 3 -JOINTED. PARASITES OF MAMMALS AND BIRDS. 

A small but well-defined family of blood-sucking ecto- 
parasites. The bed-bugs (Fig. 362) belong to the genus 
Cimex L. {Acanihia F. Clinocoris Fall.) and the two common species are C. lectuiarius 
L., which is prevalent throughout Europe and N. America and is almost cosmo- 
politan, and C. rotundaius Sign, (hemiptera F.) which abounds in southern Asia and 
eJso in Africa. They are particularly prevalent in dirty houses, especially in large 
cities, and are nocturnal in habits, hiding by day in any convenient crevices about 
the walls, floors or furniture of rooms. Man is the host for both species, and the effect 
of their punctures varies very much with the in- 
dividual person : with some people swelling and 
irritation may last for several days, with others 
the efiects are but slight. Pathologists have sus- 
pected the bed-bug of transmitting various dis- 
eases from infected to healthy persons, but definite 
confirmatory evidence has usually not been forth- 
coming. There is evidence, however, that C. ro- 
tnndaius may transmit bubonic plague. The eggs 
of bed-bugs (Fig. 363) are laid in crevices, etc., of 
wooden bedsteads and other objects and, under 
favourable laboratory conditions, hatch in about 
eight days and the life-cycle is completed in 
seven weeks. Under normal conditions, however, 
the latter period may occupy six months and over. 

A fuller account of the structure and biology of 
these insects is given in the textbook of Patton 
and Cragg. Other members of the genus are para^ 
sites of birds and bats ; (Eciacus hirudinis Jen. 
lives in martin’s nests eLiidHamatosiphoninodorus 
(l^ges), which occurs in North and Central 
America* is a pest of poultry and has a greatly 
elongated rostrum. 

FAM. CERATOCOMBlDi®. (Dipsocorldss) . 

«>*^M£LYTRA WITH EMBOLIUM ; ANTENNA LONG AND FILIFORM, HAIRY, 3 RD AND 4 ^H 
JOiNXS TOGETHER TWICE AS LONG AS 1ST AND 2ND. OCELLI PRESENT. A family COH- 

/iSsting chiefly of minute species found among moss, dead leaves, etc., and rdated to 

Cimicids and Anthocoridse. The three British species of Ceratocomhidex are all 
Liqlitute and readily mistaken for small Diptera. 

FAM. ANTHOCORIDAS^ — ^HEMELYTRA with BMSOLIUM ; 3RD AND 4TH antennal 
:||R tNT3 MUCH LESS THAN TWICE AS LONG AS XST AND 2ND. OCELU PRESENT. 

included small, obscure insects affecting woodlands, hedgerows, etc. Th^^S^hus 
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Af000ris FiA. mttmim allied speeiea often preying upon Apbidid»« 

Both thia g[enus and tts aHaea have the rostrum 3-]omtedandthe tara 2* or 3-jointed ; 
A, Kmgt Brumpt (in the Sudan) and the cosmopolitan Lectocons campestrti F. are 
toaown to suck human blood In Mtorophysa Westw and Myrmedobta Baei the 
rostrum is 4*]omted and the tarsi 2-jomted ; hemelytra are only developed in the 
male, and the female has a curiously globular, contracted abdomen Tevmatophylum 
Rent from Egypt is now regarded as constituting a separate family. About 30 
speaes of Anihocondae occur m the British Isles 

FAM. POLYCTENlDiS — INSECTS parasitic upon bats and provided with 
CTBNIDIA. ROSTRUM 3-JOINTED, ANTENNiB AND TARSI 4-JOINTI D, EYES WANTING; 
HEMELYTRA SHORT, OF UNIFORM CONSISTENCY AND DEVOID OI A MEMBRANE, The 

genus Polyctmes Gigl was originally placed m the Nycteribidae Westwood (1874) 
subsequently founded the above family for its reception as an aberrant member ot 
the Anopleura. In 1879 Waterhouse relegated it to the Hippoboscidse but the followmg 
year agreed with Westwood as regards its af&nities Sharp considers there is msuffi- 
cient ground for removing these paiasites from the Heteroptera, and in this contention 
he IS followed by Distant (1902-10) and Speiser (1904) The species of the family 
are characterized by the possession of one or more combs (ctenidia) of short flat spines 
—an armature which they share with Platypsylla, the Nyctenbidsp and Aphaniptera. 
About 20 species are known, all are bat parasites living deep 
down among the fur of those animals, and have been chiefly 
found on Molossus, Megaderma, Taphozous and Cyvoptefus 
They are viviparous the embryos remaining m the ovanoles 
where they gradually mature The young are bom at an 
advanced stage but differ very consideiably from the adults 
(Hagan, Joum Morph and Physiol , 1931) About half a 
dozen genera are known and are almost exclusively tropical , 
for an account of the family consult Jordan (1911) 

FAM CAFSIDiE (Mirldse) — hi milytra WITH A cuneus 
BUT NO FMBOLIUM ; ROSTRUM AND ANlENN-aS 4*JOINTLD, TARSI 
3-J01NTFD OCELLI ABSENT A veiy cxtensivc family, m- 
cludmg for the most part fragile insects with a soft miegu- 
ment It constitutes the largest palsearctic family of Hete- 
roptera, Oshanin listing i 066 species from that region , about 
180 occur in Britain The generic distinctions, being often 
indefinite, are difficult to determme, and there is great need for 
the accurate discrimmation of the species of the family, many 
of which are now recognized as of economic significance 
Although the majority live on plant juices the habit is not 
universal, a number of cases being recorded of their preying 
on small insects (vide Reuter, 1903). There is also evidence 
of change of food-plant m certain instances, species living on 
wild plants becoming adapted to thrive on cultivated plants. 

Thus Plesiocorts rugteolhs (Fig 193), which is known to live on Sahx and Alnus, now 
attacks apple, black and red currant, and under experimental conditions will feed 
upon plum (Petherbndge and Husain, 1918) The ‘ Tarnished Plant-bug " (Lygus 
pratensis L ) is an almost cosmopolitan pest of many economic plants and has 
numerous named varietal forms (Crosby and Leonard, 1914) L pahuhnus L attacks 
potatoes etc and Helopelhs theivora Waterh is very destructive to tea m Assam. 
Species of the latter genus possess a curious erect, elongate pin-hke spine ansmg from 
the scutellum 

FAM. SALDID^ (Aconthiidss) . — ^head short and broad, eyes very large 

AND PROMINENT WITH THE OCELLI SITUATED BETWBFN THEM ROSTRUM LONG, 
3 -JOINTED, NOT APPLIED AGAINST VENTRAL SURFACE OF THE HEAD TARSI 3* 

JOINTED Most of the species frequent borders of streams and marshy places, 
particularly near the coast They inhabit mud, moss or salt-marsh plants and 
fly and run rapidly. The large genus Saida F. is very widely distributed and 
imudes X9 British species. So far as known all members of the family are 
predaceous (Bueno), but very few observations have been made. 

FAM, HELOTRBPHlDiS. — head fused with thorax antennae i- or e- 
JOXNTED . NO DISTINCT VENATION Represented by three genera of aquatic forms in 
]| 3 ie Onent and ]Lake Tanganyika The fusion of the head and thorax is umque in 
feeG 4 ivmg insects and the family has no close affinities with other Heteroptera, 
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CRYPTOCERATA (HydrocorissB) 

Table of family characters : — 

X (4). — Body short and broad ; ocelli present. 

2 (3). — Anterior legs ambulatory; antennae exserted. 

3 (2), — Anterior legs prehensile ; antennae concealed, eyes promi- 

nent. 

4 (i). — Body elongate or ovate, ocelli absent. 

5 (10). — Anterior coxae inserted near front margin of prosternum : 

fore-legs prehensile. 

6 (q). — A ntennae 4-jointed ; no exserted respiratory appendix. 

7 (8). — Posterior tibiae spinulose. 

8 (7). — Posterior tibiae flattened and fringed with hairs. 

9 (6). — Antennae 3-jointed ; abdomen with apical exserted respira- 

tory appendix 

xo (5). — Anterior coxae ins«*rt(‘d near hind margin of prosternum : 
fore-legs not prehensile. 

II (12). — Rostrum evident, 3- or jointed : front tarsi not flattened 

X2 (ii). — Rostrum concealed, apparently unjointed : front tarsi 
llattened. 

PAM. PELOGONIDi®, FAM. MONONYCHID^.— The members of thes< 
two families are much less known than other Cryptocerata and are scmi-aquatic 
frequenting the borders of ponds and streams. They have no British representatives 
but Pelogonus margmatus inhabits S. Europe. 

FAM. NAUCORIDiE. — antenn® 4-J01NTED, OCELLI wanting ; postertoi 
TTBI. aS SLENDER AND SPINULOSE. MEMBRANE WITHOUT VEINS ; TERMINAL ABDOMlNAl 
APPENDAGES ABSENT, A Small famUy of moderate-sized water-bugs whose iron 
legs are adapted for grasping and the remaining pairs for walking. 

They are mostly ovoid insects of predaceous habits frequenting both fresh anc 
stagnant water. In the oriental genus Cheirochela Mont, the fore-legs are verj 
powerful and chelate. They mostly haunt aquatic vegetation, among which thej 
creep, coming to the surface to replenish their supply of air. The latter is retainec 
between the somewhat concave dorsum of the abdomen and the wings. The tw< 
British species belong respectively to the genera Naucorts Geoff, and Aphelochirui 
Westw. 

FAM. BELOSTOMATIDiS (Giant Water Bugs). — antenna 4-jointed 
POSTERIOR LEGS ADAPTED FOR SWIMMING, THE TIBI® FLATTENED AND FRINGED WITI 
HAIRS. MEMBRANE RETICULATE ; ABDOMEN WITH TWO RETRACTILE APICAL APPEN 

DAGES. In this family are included the largest members of the Heteroptera and, n 
fact, of almost all insects, Lethocerus grandts exceeding 4 m. (109 mm.) in Icn^h 
They are unrepresented in Britain, but prevalent in N. America, S. Africa, anc 
India. 

In habits they are very rapacious, feeding upon small fish, tadpoles, young fiogi 
and inse<fl:s. Lethocerus (Belostoma Auct.) flies readily from one piece of water t< 
another, is often attracted to lights and met with far away from water. The an 
tenns in this genus are placed in ear-like pockets on the ventral surface of the heac 
and are not readily detected when in repose ; the and to 4th joints are providec 
ivith curious curved outgrowths whose significance is unknown. 

The life-history of Belostoma (Zattha) flumineum has been followed by Buenc 

i Canad. EnU 1906), and the average time taken from time of oviposition to ful 
levelopment is 50 days. Its favourite haunts are muddy-bottomed pools, where i 
lurks among the weeds. Both njmiphs and adults obtain their air supply by piercinj 
the surface film with the apex of the abdomen. The retractile appendages, whei 
opposed, form a tube leading to the spiracles of the 6th abdominal segment (Bueno) 
The dorsum of the abdomen in this family is somewhat concave, forming a reservot 
under the wdngs which is ordinarily stored with air. In Dtplonychus Lap. and Belo 
lUoma Latr, the eggs are usually borne on the el3rixa of the males, being cementec 
IbePeto by means of a water-proof secretion. According to Slater {Am. Not. sgoo, 
HsfiV are forciblv attached to the male bv the female. 
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FAM. NEPIDA& (Water Scorpions) «~ antennj£ 3-j dinted; anterior legs 

STRONOLY PREHENSILE, POSTERIOR PAIR ADAPTED FOR WALKING ; TARSI 1 -JOINTED, 
anterior PAIR CLAWLESS. ABDOMEN WITH AN APICAL BREATHING TUBE. TlUS 

family is only distantly related to other aquatic groups and its inclusion in its present 
position is largely one of convenience and custom. By Schiodte and Kirkaldy it is 
included in the Gymnocerata, the latter author placing it near the Reduviidae. The 
life-history of Ranatra quadridentata StAl (N. America) has been followed by Bueno 
(1906). It occupies about 70 days from the time of oviposition to the adult stage, 
and the insect hibernates in the latter condition . The female is provided with a pointed 
toothed ovipositor, and the eggs in this genus arc laid in notches cut in the petioles 
of water plants, each egg being provided with a pair of apical filaments. Botii n3rmph 
and adults are capable of stndulation (vide Bueno, 1905). The respiratory tube is 
the most striking character of the family and consists of two elongate spine-like 
processes, each of which is grooved to form a demi-canal. Bueno finds that Ranatra 
can move the two halves of the tube at will when beneath the water, and states that 
they are locked together by numerous hook-like bristles. When the insect is submerged 
the tube penetrates the surface film and air is conducted to a pair of spiracles placed 
at its base. Marshall and Severm found that the insect suffered no apparent ill-effects 
or inconvenience after the tube bad been amputated. In the immature stages the 
latter organ is short and is wanting in the newly hatched individual. 

Nepa differs in several important characters from Ranatra : the respiratory tube 
is short and among other features the eggs (in N, ctnerea) are deposited in chains, 
the ova adhering to one another by means of seven long filaments radiating from 
one extremity. Three pairs of “ false spiracles," situated respectively on the 3rd, 
4th and 5th ventral abdominal segments, are present in bo^ Ranatra and Nepa, 
They are sieve-like structures with the perforations occluded by a delicate mem- 
brane, and they are also provided with sensory setae. Baunacke (1912) has made 
a detailed study of their histology and regards them as exercising a static function. 
Bueno, on the other hand, considers that they are of a respiratory nature ; he suggests 
that the dissolved air penetrates their closing membrane and aerates the body fluids 
beneath. They appear to have no direct connection with the tracheal system, and 
according to Martin (BulL Mus, Nat, Paris, 1895) in the nymph of Nepa they 
are formed independently of the true functional spiracles of their segments. The 
general structure of N, ctnerea has been studied by Hamilton (1931), but that of 
Ranatra needs further investigation, particularly in the earlier stages. 

FAM. NOTONECTIDiE, — BODY CONVEX dorsally ; head inserted into 
PROTHORAX, ROSTRUM 3- OR 4-JOINTED, ANTLNNAL 4-JOINTED. TARSI 2 -JOINTED, 
ANTERIOR PAIR HOT FLATTENED, POSTERIOR PAIR DEVOID OF CLAWS. These inSCCtS 
differ from other aquatic Hemiptera in their habit of swimming on the back, which is 
shaped like the bottom of a boat. They are usually observed floatmg on the surface 
of the water with the long oar-like hind legs outstretched. They dive readily when 
alarmed, carrying a supply of air beneath the wings ; they can also leap into the air 
and take to flight. Care is needed in handling them, 
as they are able to inflict pamful punctures. Noto^ 
necta L. is almost universally distributed and 
markedly predaceous, attacking small fish, tadpoles, 
etc., when kept in an aquarium. In N, glauca (Fig. 

364) the female is provided with a picremg oviposi- 
tor with which it makes incisions in the stems of 
water plants, partially burying an egg in each notch; 
certain other species merely attach their eggs to the 
plants. The abdomen is keeled down the middle, 
and arising therefrom is a longitudinal row of out- 
wardly directed hairs on either side. These meet a "Pio, 304. — Noton^ta oiavca 
corresponding series of similar hairs arismg from (fnlarced). Britain. 

near the pleura. In this manner there is formed a 

channel on either side of the abdomen, which is filled with air and enables the in- 
sect to respire when submerged. Plea is palaearctic and oriental and is represented 
in Britain by a single species P. mtnutissima ; an account of the biology and external 
structure of this insect is given by Wefelscheid (1912)* 

FAM. GORlXIDi® (Water Boatmen) ^body flattened dorsally ; head not 
insbrtRd into the prothorax ; rostrum concealed and apparently UN jointed, 

ANTENNJE 3- bR 4-JOINTED. ANTERIOR LEGS GREATLY SHORTENED, FORE AND HINO 
TARSI CLAWLESS, THE LATTER 2- j oiNTED. The rostzum in this family is never composed 
of more than two joints and its peculiar structure led Borner to regard the group 
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mi n separate 6ab<<)rder. The large immber of speciea indtuded theveiti tepHes iSiat 
it is evidently the dominant family of aquatic Hemiptera. The ganns Cariao tie^. 
(Fig. 365) is nearly world-wide and inchides about 30 British species. 

As a rule these insects remam at the bottom of the water, holding fast by the middle 
legs to various objects ; now and again they ascend to the surface, swiftiy propelled 
by the hind limbs. The dorsum of &e abdomen is somewhat concave, forming a reser- 
voir beneath the wmas which serves to retain a supply of air. The feeding habits 
of the family have been but little studied and the species 
may possibly be largely herbivorous. C. geoffroyt attaches 
its eggs to the stems and leaves of pond weeds by means 
of a glutmous substance. They are more or less onion- 
shaped, with one extremity prolonged into a blunt point. 
In some species the eggs are very numerous and closely 
grouped together ; thus, according to Giraud, those of C. 
femorata and mercenana form very considerable masses 
which are used as food by the Mexican Indians. Bundles 
of reeds are placed m the water and collected at pitable 
intervals, and the eggs are detached therefrom by jbeatmg 
the reeds The adult insects are also used as \food in 
Mexico and Egypt. Hagemann (1910) has contribute some 
observations on the respiration of Conxa at suc^ssive 
stages m its life and on the structure of the spiracles. He 
also describes a tympanal organ in association with the 2nd 
pair of the latter, which may possibly serve for the perception of stndulatory sounds 
produced by the male 

The minute Mtcronecta Kirk. {Stgara) lives m Spongtlla and among water weeds 
and, like other members of the family, is able to slndulale, but this faculty is 
rtmda. less developed m the female than the male The stndulatory organs of Cortxc 
consist of (et) a strigil c n the 6th abdominal tergum, which is stated to rub againsi 
the under side of the hemelytra ; and {b) the pedal organs mentioned on p. 354. 



Sub-order 2. HOMOPTERA 

The chief difficulty in the taxonomy of this sub-order is the classifica- 
tion of the Auchenorhyncha. The various systems which have been pu1 
forward are discussed by Kirkaldy (1906) and the student is also referred 
to the latter author's translation of an important paper by Hansen (1900- 
3). In the present work Kirkaldy 's later subdivision (1907) into Cicadoidea 
and Fulgoroidea is adopted : the former group is separable into four easily 
recognizable families, but the Fulgoroidea, on the other hand, include a 
large assemblage of divergent forms (vide Muir, Proc. Hawaiian Ent. Soc 
1923). Although formerly regarded as a single family, the progress 0: 
later investigation shows that the group is far too heterogeneous to admii 
of such relatively simple treatment. There is no general treatise on Horn- 
optera — most works dealing with the Auchenorh3mcha only. The Britisl 
species (inclutog Psyllidae) are enumerated and figured by Edwards (1896) : 
for the European forms Melichar's work (1896) and Sahlberg's monograpl; 
(1871) of the Scandinavian and Finnish species are important. The prin* 
cipal works on the Stemorhyncha are referred to under their respective 
families. 


Series I. AUCHENORHYNCHA 

The following key is largely after one kindly drawn up by the late 
F. Muir of Honolulu : 

I (8),— -Tegulae absent, middle coxas short, articulations near 

together; hind coxae mobile. CicadoldlNi 

a {3).^Three ocelU near together ; anterior femora thickened and 



aCADOIim 

^ : tpinedi limkedth ; no mpodia ; male, except ia a very tew 
cases, with a sound-prodocing organ at the base o£ the 
abdooni&n. 

*Two ocelli only or none ; empodia large. 

4 (5) Posterior coxaB short, conical, not laterally dilated; tibiae 

cylindrical; flagellum composed of a large sub-pyriform 
base and a very slender seta. 

5 (4). — ^Posterior coxae transverse, dilated up to the lateral margins of 

the sterna ; tibiae angul^ ; flagellum composed of numerous 
segments. 

6 (7). — Genae more or less dilated ; lorae generally conspicuous ; the 

frons, lorae and genae forming one curved surface ; pronotum 
never prolonged backwards. 

7 (6). — Genae not dilated; frons, lorae and genae not forming one 

curved surface ; pronotum generally prolonged backward 
into a process. 

8 (i). — Tegulae almost always present; empodia well developed; 

middle coxae elongate, articulated far apart, free and capable 
of lateral movement ; hind coxae immobile. 


.3^3.. 

ClCABlD<« 

(P- 373) 


CERCOPlOiS 
(P- 374) 


jASSIDiB 

(P- 375) 

Membracida 
(P- 375) 

Fulgoroldea 
(p- 376) 


Although the term " leaf-hopper ” is used more especially with reference 
to the Jassidse, it is often applied to members of the other families excepting 
the Cicadidae. 


Super-fam. CICADOIDEA 

FAM. CICADIDiE (Cicadas), — ^usually large insects with entirely mem- 
branous WINGS AND THREE SUB-CONTIGUOUS OCELLI. ANTERIOR FEMORA THICKENED 
AND generally SPINED BENEATH ; NO EMPODIA. MALES ALMOST ALWAYS WITH A 
SOUND-PRODUCING APPARATUS ON EITHER SIDE OF THE BASE OF THE ABDOMEN, Their 

large size and sound -producing powers render these insects familiar objects in the 
warmer regions of the world. Considerably over 1,000 species are known, rather 
more than 100 being palaearctic. The only British representative is Cicadetta montana 
Scop., which occurs in the New Forest and extends as far north as Finland, The 
capacity for sound-production (vide p.102) is limited to the males and varies very 
greatly in note and degree of intensity m different species. The sound has been 
variously compared to a knife-grinder, scissor-grinder, and even a railway whistle* 
In the moist sub-Himalayan forest tracts 
of India the noise emitted by these in- 
sects is almost deafening, and extremely 
monotonous. Notwithstanding so many 
species being described, their life-his- 
tories have been very little studied. The 
nymphs so far as known are subter- 
ranean, and the greatly enlarged and 
modified femora and tibiae of fore- 
legs are special adaptations to that mode 
oi life. One of the best-known species of 
the family is the periodical Cicada 
(Cicada sspiendecim L.) of the United 
States (Figs. 366, 367), which appears in 
great numbers after long intervals of 
time. Its periodical appearance is due 
^ the nymphs requiring thirteen (in the 
eouth) or seventeen years (in the north) 
tpit their development, and the fact that the adults of one generation appear about 
the same time in vast numbers. This insect has been intensively studied (Mar^ 
1907) and more than 20 distinct broods have been located in various parts ol 
the country : the 17-year race has also been reared under field conditions tcota 

many districts several broods of different ages are known to co-exist, thti» . 
the appearance of swarms of the insect several times during the ' 

^IP^e, The temale deposits her eggs in slits which she makes in the twigs ^ 
find the young emetge in about six weeks. They fall to the grouiad 
on commence to lead a subterranean life, 12-18 inches bebw the sitffaoei, ' 
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sacking the juices from the finer roots of various trees. In May of the 17th year 
they regain the surface and, leaving their nymphal exuviae attached to tree-trunks, 
etc., emerge as perfect insects. When very abundant the nymphs practically honey- 
comb the soil, but, considering their size and numbers, the injury occasioned does not 
appear to be great ; at times, however, fruit growers experience a good deal of loss. 
Under certain circumstances the final-stage nymphs (often termed pupae) construct 
cones or chimneys (Fig. 367), about 4 inches high, of earthen particles wherein they 
live above ground for several weeks before emerging as adults. Several explana- 
tions have been offered as to the meaning of these structures and it may possibly be 
that in certain districts individuals prematurely reach the surface before they are pre- 
pared to become adults and construct cones as means of protection until they reach 
maturity. There appears to be a correlation between an unusually high local 
temperature and the occurrence of these cones ; the latter are also stated to be 
prevalent over burned areas. 

FAM. CERCOPIDi® (Frog-hoppers or Cuckoo-spit insects). — ocelli two or 

KONE. ANTENNAL FLAGELLUM COMPOSED OF A LARGE SUB-PYRIFORM BASE AND A VERY 


SLF-NDER SETA. POSTERIOR COXJE SHORT, CONICAL, NOT LATERALLY DILATED ; TIBI/E 
CYLINDRICAL, USUALLY ARMED WITH ONE OR TWO PROMINENT SPINES AND A CLUSTER 
OF SHORTER SPINES AT THE APEX. Members of this family may usually be separated 
from the Jassidae by the characters of the tibiae as enumerated above. OnlyV very 

few genera are palaearctic, and \ three 
JTV thereof occur in Britain — IWiecpho^ Am. 

A&A and Serv., Aphrophora Girm., and Phil- 

f {Bnm Stdl. The nymphs of some genera 

well-known objects from their habit 
I D| I of establishing themselves on plants and 

I ! becommg enveloped 111 a frothy sub- 

stance commonly termed “ cuckoo spit.*' 
1 It has been generally regarded that they 

) are in this way protected from predacc- 

A \ ous insects and other Arthropods, but, on 

W^B ( tlie contrary, they are not infrequently 

I } seized from their spume by fossorial 

.w Hymenoptera and other enemies. Kir- 

kaldy has observed that the froth serves 

* to protect their soft bodies from the sun, 

- MTj - and, when extracted from the spume and 

m not allowed moisture, they speedily 

Fio. 367. -CtcABA ' Earthen j . probably there is truth 

Chimneys ** ^ both explanations and the function is 

faant view ; », .ect»n j e, nymph m U.t mstar await adaptalton tO this mode of 

inf; time of change and at a ready for transformation hf^ tlie nymphs have to a large extent lost 

e, emergence hole. From Mariatt after RUcy. that pOWCr of leaping which IS SO charac- 


teristic of the adults, and are also nearly 
devoid of coloration. Philamus spumarius L. is the common “ cuckoo spit " insect 
of Europe and N. America ; the life-histories of this and other species of the family 
are described by Osborn (1916 A). It affects a wide range of wild and cultivated 
plants other than grasses, while P. lineatus L. occurs almost entirely on the latter 
hosts. The production of the froth has given rise to much speculation and has in 
recent years been studied by Sulc (1911) and Galian (Proc. EnU Soc. 1918), whose 
conclusions are in close agreement. According to Gahan the tergites and pleurites 
of the 3rd to gth abdominal segments, instead of ending as usual at the sides to form 
lateral edges, are curved beneath the abdomen as membranous extensions, which 
meet along the mid-ventral line. Between them and the true ventral surface of the 


abdomen there is thus formed a cavity into which the spiracles open. This cham- 
ber is closed anteriorly, but air can be admitted or expelled by moans of a posterior 
V-shaped valve or slit. The frothing is the result of a fluid issuing from the anus 
(vide p. 380) forming a film across this valve and becoming blown into bubbles by 
means of air expelled from the latter. 

On the 7th and 8th abdominal segments are lateral glands which have been variously 
Interpreted. Osborn states that they secrete a viscid material which, mixing wi^ 
the discharge from the alimentary canal, enables the foam to maintain its coherence, 


even in wet weather. Sulc and others regard the secretion as being of a waxy nature 
wWch is acted upon by an enzyme in the anal discharge. He explains that the acid 
thua produced forms, with the alkali present, a substance which imparts to the froth 
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the properties of a soap-solutkm. In Madagascar the nymphs ol Pfyeiui gouioH are 
statro to discharge dear water in such amounts as to resemble hne rain. Thus Goudot 
estimated that some 70 individuals could emit one quart in hours. The Oriental 
and Australian genus Macharota Burm. has the scutellum prolonged backwards in 
the form of a relatively enormous spine thus simulating a Membracid in appearance. 
The nymphs of certain species of the genus are known to live in curious serpuliform 
tubes (about J in. long) attached to the branches of trees ; their life-history is hgufied 
by Lefroy (Indian Insect Life). 

FAM. MEMBRAClDiS (Tree hoppers). — GENiE not dilated; frons, LOUS 

AND GENM NOT FORMING ONE CURVED SURFACE. ANTENNAL FLAGELLUM WITH MANY 
JOINTS. PRONOTUM GENERALI Y PROLONGED BACKWARD INTO A PROCESS ; POSTERIOR 
coxjE TRANSVERSE, TIBI-® ANGULAR. These insects may almost always be easily 
recognized by the pronotum, which is prolonged backwards into a prominent elevated 
hood or process, lying over the abdomen, and often assuming the most bizarre 
forms (Fig. 368). The family is most nearly related to the Jassidae and reaches the 
zenith of its development in the neotropical region. The palaearctic fauna only 
includes three genera, two of which, Centrotus F. and Gargara Am. and Serv., are 
British. The eggs so far as known are deposited in small groups arranged in two 
nearly parallel slits cut in the twigs of trees and shrubs. The nymphal stages difier 
from the adults in the absence, or only partial 
development, of the pronotal process ; the tergites 
are often furnished with elongate filaments or 
spinose projections. Certain genera {Telamona, 

Thelia, etc.) are affected by parasites which in- 
duce " castration parasitaire " noticeable m the 
reduction or other modification of the external 
genitalia (vide Kornhauser Journ. Morph. 1919). 

The life-history of Vandujsea arquala Say, a widely 
distributed N. American species, has been studied 
by Funkhauser {Psyche, 1915). It abounds on 
Pohima and appears to pass through two genera- 
tions in the year (Ball). Both the nymphs and 
adults arc commonly attended by ants, as is 
usual whenever Membracids are present in large 
numbers. The ants stroke the Membracids with 
their antennae, whereupon the latter insects exude 
a liquid from a retractile anal tube. The mutual 
relationships of the two groups of insects lias 
attracted the attention of a number of observers 
(vide Lamborii, Trans. Ent. Soc , 1913, p. 494)* 

A few species have been noted to exhibit maternal 
solicitude ; although usually leaping away at the 
first alarm, they refuse to move if disturbed Fio* 3^8. Cxresa bubalus, En- 
while guarding their offspring. larged. 

FAM. JASSlDiE (Clcadellldae ; Leaf-hop- AfUf Uuxisxx, ln$. Ltf$, r 

pers). — OCELLI TWO, RARELY ABSENT, VARIABLE 

IN POSITION. ANTENNAL FLAGELI.UM COMPOSED OF NUMEROUS JOINTS. GEN® 
DILATED, THE FRONS, LOR® AND GEN® FORMING ONE CURVED SURFACE. PRO- 
NOTUM NEVER PROLONGED BACKWARDS. POSTERIOR COX® TRANSVERSE, LATERALLY 
DILATED ; TIBI® ANGULAR, THE HIND PAIR USUALLY SERIATELY BRISTLY, OR WITH A 
DOUBLE ROW OF SPINES ; EMPODIA LARGE. Excepting the Aphididae, these insects ate 
probably the most abundant of all Homoptera, and may be readily collected by sweep- 
ing grass, herbage and other foliage. They are slender, usually tapering posteriorly, 
and rest in a position ready for jumping. When disturbed they leap often several 
feet and readily take to the wing. Their slender form and the structure of the hkid 
tibiae (Fig. 369] will enable most species to be distinguished from those of the Cerco- 
pidae. The metamorphoses of a good many are figured by Osborn (1916), that of 
£diocerus Lewis by Leonard {Jour, Econ, Ent. 1915) and of Nephotettix by Misra (1920}. 
The ovipositor of the female is adapted for lacerating plant-tissues ; the eggs are 
usually elongate and are deposited in longitudinal rows on the stems, under the leaf- 
sheaths, or on the leaves of the food-plant. They pass through six instars, the wing- 
rudimeilts becoming noticeable in the 3rd instar. 

The species have a decided limitation of food-plant during early life but feed mom 
indiscriminately later ; many are univoltine, others pass through two or thtes 
generations in a season. Their chief economic importance lies in ti^ir attacks upon 
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ceml and fodder crops as wdl as ftnlt and forest trees. Urns tike rioe teaf lioppers 
{ftephoktUss) in 19x4* were reported to have damaged 3,000,000 acres of paddy fidds 

in one division only m the Central pro- 
vinces of India, entailing a loss ci nearly 
;£i,ooo,ooo (Misra) ; similar heavy losses 
are recorded from the United States. 

In some systems of classidcation the 
Jassidas are regarded as a superfamily and 
its sub-famihes raised to family rank 
Among the more important genera are 
Empoasda Wal which includes the Apple 
Leaf hopper (E ^mh Lc B ), Typhlocyha 
Germ (ocelli absent), Bythoscopus Germ 
and Deltocephalus Burm which includes 
about 100 palsearctic species. 

Supeiiamily FULGOROIIDEA 

Included herewith is a largel assem- 
blage of very diverse forms who^ many 
dissimilanties of structure render ^ diffi- 
cult to frame any comprehensivevdefini- 
tion. In addition to those fdatures 
enumerated on p 373 the antennae, 
though very variable in form, are usually 
placed beneath the eyes, and the nymphs 
are very richly endowed with specialized 
sensory pits distributed over the head, 
wing pads and abdomen One of the 
best known classifications is that of StAl whose thirteen sub-family divisions are now 
more usually regarded to be of family rank alternative schemes mvolving a smaller 
number of families are discussed by Kiikaldy (1906, 1907) In a general textbook 
of this kmd reference can only be made 
to the most important families, and any 
scheme at present pioposcd can only be 
regarded as purely tentative. Much ad- 
ditional morphological work is necessary 
before certain of the divisions can be 
regarded as adequately established 

FAM. FLATIDvfB, — Beautiful molh- 
hke species, often with delicately pig- 
mented tegmma, inhabiting tropical 
regions. They can usually be recognized 
by the well-developed transversely-veined 
costal cell and the granulate clavus Both 
nymphs and adults frequently rest gregari- 
ously and the former are largely covered 
with long, curled, waxy filaments (Fig 370) 

The adults of some species occur in two 
conspicuously different colour forms and, 
in the case of an African species, observed 
by Gregory, the insects were clustered on 
a stem with green individuals occupymg 
the upper portion and red individuals 
situated just below them In this atti- 
tude they were curiously like a red- 
flowered spike with green unopened buds 
above. In other dimorphic species th^ 
colour forms have been observed intei 
mixed ; for a discussion of this subje^ 
and the literature thereon vide Imms {Pf^, 

Manchester Phtl. Soc, 58). 

FAM. DELPHAClDiO.-*- «Oae of the most characteristic features is the 
xnQibtte« serrulate apical spur on the hind tibiae ; the costal cell is wanting and thf 
dams non-granulate. This family is well represented in Great Britam where thaitt 
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are about 70 apecies of which oviw 56 btlcmg to the eictaiiehw genua Libumia St&U 
The angHT'K^ane leal-hopper PtvkinBUUa sacchmcida Kirk. (Pig. 371) . ia very destructive 
in Queenalaiid and was »>rmerly so in the Hawaiian Islands ; owing to the habit of 
oviposition in eane stalks this and other species are liable to transportation. 

FAM. FULGORlDiS. 

(Lantern Flies). — Princi- 
pally characterized by the 
reticulated anal area of 
the wing. A tropical 
family including many 
brilliantly coloured insects, 
often of large size. In 
many genera the front of 
the head is greatly drawn 
out to form a huge hollow 
probbscis4ike prolongation Fta. 371 . — PjtMKiirsiBZLA BAoosAJtioiitA,MAhB: Magnified. 
which was, at one time, a/Ut Kirkaldy, EtUom, BuU, pa 9, Hawaiian Sugar Planters' Assn* 
believed to be luminous. 

Some species have the power of secreting quantities of a flocculent white wax which, 
in Phenax, streams behind as long ^laments while the insect flies. 

FAM. DERBIDi®— Very delicate, usually long-winged insects in which the anal 
areU is not reticulated and the last joint of the labium is short. None are British. 


Series II. STERNORHYNCHA (Phytopthires) 

Table of families. 

I (2). — ^Tarsi i-jointed with a single claw. Females scale-like, gall-like 

or covered with waxy exudation ; apterous and olten devoid Coccidae 
of legs. Males dipterous, mouth-parts atrophied. (p. 385) 

» (I) . — Tarsi 2-jomted, basal joint sometimes reduced, with paired claws. 

Mouth-parts present in both sexes. Wings when present four 
in number. 

3 (4). — Femora thickened, antennas usually lo-jointed. Fore-wings of Psyllidae 

rather harder consistency than hind pair. (p, 377) 

4 (3)* — I-®8s long, slender; wings of equal consistency, antennas 3- to 

7-jointed. 

5 (6). — Wings opaque, whitish, clouded, or mottled with spots or bands. Ale3rrodidae 

Tarsi with 2 nearly equal joints. (p, 378) 

6 (5). — Wings transparent, tarsi 2-jointed, basal joint sometimes reduced. 

Paired dorsal processes usually present on 3th abdominal Aphididas 
segment. (p. 380) 

FAM. PSYLLIDiE (Chermidae: Jumping Plant Lice ). — ^tarsi 2 -jointed, an- 
tenna USUALLY lO-JOlNTED, FORE-WINGS OF FIRMER CONSISTENCY THAN HIND PAIR. 
Psyllids arc small insects about the size of aphides and bear a resemblance to minute 
cicadas. They are usually very active, their rapid movements being a combination of 
leaping and flying, but are incapable of sustained flight. The act of leaping is performed 
wi& aid of the hind-legs which are larger and more muscular than the other pairs. 
The venation is simple and exhibits relatively few marked deviations among various 
genera. The most striking feature in the fore-wing is the presence of a principal 
basal vein formed by the fusion of the stems of R,M and Cu. (Fig. 372). In Tfioza 
Fdrst. and its allies, this compound vein divides distally into its tl^ee components 
while in Psylla Geoff, and related genera it is bifurcate dividing into R and M -f Cu, 
the latter again dividing into M and Cu. In the hind-wing the venation is extremely 
simple ; R is represented by Rs only, M is unforked and Cu divided into CUj and Cu, 
as in the fore-wing. Cross veins are absent from both wings and A is vestigial or 
wanting, A general account of the external anatomy of Psyllids is given by Crawford 
(1914) and of the venation by Patch (ipoQ)- The chief source of information on the 
internal anatomy is a paper by WitlaczU (1883), and an account of the morphology of 
Pudiypsylla Riley is given by Stough (1910) and of the mouth-parts of Psylia by Grove 
(SQPg), A general catalogue of the family is given by Aulmann (1913) ; for the 
British forms consult Edwards (1896) who enumerates 23 species. A very foil 
biblioipraphy of'Psyllids is given by Zacher (Central. Bakter, 1916) ; many referenc^isi 
will also be found in the work of ^awford (l.c.). 

"ITholtfe-histoxy of the** Xpple Sucker*' Psylla maHSchm. (vide Speyer) may here* 
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garded as fairly typical (Fig. 372). It passes the winter in the egg, the latter being laid 
about the beginning of September on the spurs of the food-plant, around leaf scaxs, and 
in cracks, etc., on the new wood. The nymphs hatch in April, and are flattened objects 
with whitish waxen threads projecting from the extremity of the abdomen. Five 
nymphal instars occur, and the different stages may be recognized by the increasinf» 
number of antennal joints ; thus these organs are 2-jointed in the first instar aiid 
7-jointed in the fifth. Wing pads are evident in the third instar and during later 
development they extend laterally in a prominent manner so as to make the insect 
appear nearly as'broad as long (Fig. 372B). The imago appears in early summer and 
the species is univoltine. The nymphs are very injurious to the apple in Britain, 
damaging the blossoms and stunting the shoots ; the imagines, on the other hand,' 
cause little appreciable injury. The Pear Sucker “ P. pyricola Forst. is very 
destructive in America and exhibits a different life-history. It is tri-voltine, hiber- 
nates as an imago and both nymphs and adults are injurious, llie winter form of 
the imago difiers from the summer type and was formerly regarded as a separate 



Fig. 372. — A, PariLA Mali (after Carpenter). B, Phtila pyricola. Nymph in Last Instar 
(ftfter Slingerland). C, Psylla pyricola, Venaiion of Fore Wing. All enlarged. 

species. It is about one-third larger than the summer form and of much darker 
coloration, par^cularly with regard to the wing veins. Certain species produce gall- 
like malformations on their food-plants ; thus m Britain Psylla huxi causes the apical 
shoots of the box to become deformed into miniature cabbage-like growths, and 
Livia juncorum Latr. forms tassel-like galls on rushes. When Psyllids are abundant 
copious honey-dew is excreted by the nymphs on to the leaves and twigs. In Psylla 
ntali a long waxen thread enclosing a central core of translucent liquid exudes through 
the anus and when the threads become broken up the fluid spreads over the leaves 
and twigs (Awati). 

FAM. ALEYRODIDj® (Aleurodldce : White Flies ). — swings whitish, clouded, 

OR MOTTLED WITH SPOTS OR BANDS ,* BODY AND WINGS MORE OR LESS MEALY. ANTENNiE 
7-JOINTED ; TARSI 2-JOINTED, WITH A SPINIFORM OR SOMEWHAT PAD-LIKE EMPODItJM 
BETWEEN THE CLAWS. A RUDIMENTARY PUPAL INSTAR IN BOTH SEXES. The “ white 

flies •* are a much neglected group related to the Psyllidae and probably the majority 
at the world's species are as yet unknown. Both sexes are winged and are dusted 
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with a characteristic mealy white powdery wax; all are small or minute with an average 
wmg expanse of about 3 mm. Asierochtton {Ateyrodes) vaporartorum Westw. is the well 
known Greenhouse white fly "which is particularly injurious to tomato and cu^um- 
her, the insect infesting the lower surface of the leaves m all its stages (Fig. 359) 
Dtaleurodes atri Riley and How. is the " Citrus white fly " which is destructive to 
Citrus in the southern United States {MomU and Back, 1911). The most characteristic 
organ of the Aleyrodidae is the vastform onftce which opens on the dorsal surface 
of the last abdommal segment. It is a conspicuous opening provided with an operculum, 
and situated withm the orifice and beneath the operculum is a tongue- or strap- 
shaped organ known as the lingula. Ihe latter in some species is covered by the 
operculum and m others it projects beyond it. The anus opens within the orifice 
at the base of the Imgula. Honey-dew is excreted m large quantities by the insect 
in all stages, particularly by the larvae. It issues through the anus accumulating on 
the lingula, and this fact probably gave rise to the view that the latter organ secretes 
the honey-dew. The vasiform orifice is present both m the laival and adult stages 
and, in the latter, affords characters of 
tai.onomic value. 

The venation shows closest affinity 
with the Psyllidae {J'noza ) ; it is always 
much reduced and exhibits evidcmt signs 
of degeneration (Fig. 373). Tlie most 
primitive condition is seen in Udamosehs 
Fnd ; m other genera C and Sc arc more 
or less fused, Rj often disappears, and 
either M or Cu may be present but are 
usually not coexistent. With the Cxcej)- 
tion of R the veins arc unbranched and, 
in the most modified forms, practically 
the only remaining vein is Rs. 

Parthenogenesis is a common phe- 
nomenon m several species and probably 
occurs m many others, but the subject 
needs thorough investigation MomU and 
Back (1911) observe that vugm females 
of D citri produce males According to 
Schrader (Ann. App Biol 13, 1926) in A 
vaporartorum there are two partheno- 
genetic races, one of which produces 
males and the other females ; the fer- 
tilized females give rise to individuals of 
both sexes. 

The eggs are very characteristic, being 
provided with a pedicel which, in some 
cases, exceeds the length of the egg itself. 

According to Cary (1903) at the time of 
fertilization the lumen of the pedicel is 
filled with protoplasm. The spermatozoan 
moves through the latter until it meets the 
female pronucleus which migrates until it 
comes to he at the entrance to the pedicel. After fertilization the contents of the 
pedicel shrivel up. The eggs are attached to the leaves of the food-plant by means 
of this stalk, and are generally laid m a circle or arc of a circle, one or more rows deep. 
Three larval instars are present and a so-called pupal stage. The larvae are 
ovoid and greatly flattened and, after the first moult, the legs and antennae degenerate ; 
towards the end of the 3rd mstar the unagmal organs become visible. The so-caUed 
pupal stage is only imperfectly understood : it is similar m general shape to the larva, 
but differs very much m appearance, bemg thicker and moie opaque and, frequently, 
adorned with conspicuous rods or filaments of wax. Dunng the first part of this 
mstar the insect feeds after the manner of the larvae. Towards the end of the penod 
it becomes mactive, remaining anchored to the leaf by means of its stylets, and eichibits 
the characters of a rudimentary pupa with the imagmal appendages enclosed m their 
sheaths clearly visible within the outer rase. The imago emerges by means of a 
T-shaped rupture of the dorsal wall of the latter. For a detailed study of A . vaporart- 
orum, see the recent memoir by Weber (1931)* 

FAM. APHIPIDiS (Green-fly, Plant-hce).— -wings transparent, only foond 
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AS A RtrUD m THE MAtE AKO CBETAIN ACAMXC EBXALES ; BOTE EA|E£ OB SmtUM CX>B* 
SJSTEKCY. 7 AKSI 2 *J 0 INTBt>, OR THE BASAL JOINT VESTIGIAL. ROSTROM tONQ, 
ANTENNA 3 TO 6-JOZNTEt> ; EMPODIA VESTIGIAL OR ABSENT. FIFTH ABDOUINAt 
SEGMENT GENERALLY WITH A PAIR OF DORSAL CORNICLES. These familiar iBsects. 
as a rule, pass their life on the young shoots and foliage of plants. A few species, 
however, live below ground on roots (ex. Rhizobius), some others occur on the branches 
of woody trees and shrubs (ex. Lachnus) and a certain number are gall-formers (ex 
Pemphigus, Honnaphis). A few such as Phylloxera vastatrix and Ertosoma lanigera 
live both on the leaves, or shoots, and roots. The apterous generations of aphides, 
more especially when of flattened form (as in Hormaphis), are liable to confusion 
with the n3rmphs of other Stcrnorhyncha. Usually they may be distinguished there- 
from by the following combination of characters, viz. — ^the 2-jointed tarsi with paired 
claws, the long several-jointed rostrum, the frequent presence of compound eyes and 
cornicles, and g pairs of lateral spiracles. Perhaps the most characteristic morpho- 
logical features associated with these insects are the cornicles or honey tubes ** : 
the latter organs, however, are greatly reduced in Eriosoma and other genera and 
totally wanting in the Phylloxerinae. Reaumur believed their function to be ebecretory 
but later observers concluded that they secreted the sweet substance known as r honey- 
dew." Mordwilko (1895) and others have since demonstrated the waxy nature of 
the secretion of the cornicles, and Horvath (1904) concluded that they are the secretory 
channels belonging to glands producing a waxy fluid which acts as a protection against 
predaceous enemies. The latter authority also observed that honey-dew is fitted 
through the anus, a fact which has since been well cstabhshed. Many aphides also 
gecrete a white waxy substance, either in the foi m of a powder dusted over the surface 
of the body (ex. Hyalopterus), or in flocculent threads (Eriosoma, Adelges) ; in eithei 
case it is the product of dermal glands (vide p. 147). 

The venation of aphides has been studied in detail by Patch (1909) ; both the 
tracheae C and Sc arc absent in all forms examined and the costal area of the adult 
wing is strengthened by a stout vein-like structure expanding distally into a stigma. 
This vein channel is interpreted as representing the fusion of the main stems of all 
the pnncipal veins. 

Recent students of the aphides regard them as a super-family divisible into two 
families, viz. the Aphididae and Phylloxeridae. The latter includes such well-known 
genera as Phylloxera and Adelges and is chiefly characterized by the fact that ovipanty 
is not confined to the sexual females but is the rule among the agamic generations 
also. We prefer, however, to retain the family rank for the group and regard the 
above divisions as sub-families. 

Aphides are remarkable on account of their peculiar mode of development and the 
polymorphism exhibited in diflerent generations of the same species. The associated 
phenomena concerning reproduction are — (i) parthenogenesis ; (2) oviparity and 
viviparity ; (3) the occurrence of generations in which the sexes are very unequally 
represented, males often being wanting and frequently rare. With regard to structure 
the phenomena are — (i) the production of totally different types of mdividual of the 
same sex either in the same or different generations ; (2) the production of individuals 
with perfect and also atrophied mouth-parts ; (3) the production of individuals of the 
same sex but differing as to the gonads. Associated with habits are — (i) migration to 
totally different plant hosts ; (2) different modes of life of the same species on the same 
host ; (3) different habits of individuals of the same generation (Parallel series). 

In extreme cases almost all the above phenomena may occur associated with the 
annual cycle of an individual species. The most usual life-history of an aphid is as fol- 
lows (Fig. 374 ) . The winter is passed as eggs which are laid during the previous autumn 
by sexual females. With the advent of spring they hatch and give rise to apterous 
parthenogenetic viviparous females. The latter produce a new generation of similar 
forms among which a few winged females may occur. A variable number of genera- 
tions of this kind are produced throughout the summer and winged viviparous females 
often become common. The latter are concerned with the migration and dispersal 
of the species and are produced in varying numbers in different generations. At 
times these winged females appear in such swarms as to darken the sky and cover 
the vegetation. Those individuals which are fortunate enough to find plant hoilB 
of the right species similarly reproduce on their own account. Towards the end of 
summer or in the autumn their progeny, and also those of the apterous forms whkb 
remained on the original plant, give rise to sexual males and females. These latter 
pair and the females are oviparous, their eggs overwintering on the food-plant, and Hbfi 
same cycle is repeated annually. In non-migratory aphides the whole Ufe-cyde to 
Ipent on the same plant or on individuals of the same species. If any migration M 
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ottier fpeciai of host dcm occur ft is inconsidefabto and an altcmatioxi of jhosts is not 
essentiai to flie life of the species. Among migratory forms weU-knosm spedes are-«* 
Pmphigus bursarius L. which occurs on poplar and flies to the roots of various 
Compositas, returning to poplar in autumn. Rhopalostphum lactuca Halt, (ribis 
Buck.) which is found on black currant in spring and migrates to Lapsana and 
Sonchus, returning to its primary host in autumn. Aphts rumtcts L. which is found 
in autumn on the spindle tree, etc. ; in May and June it flies to dock, poppies, 
beans, etc., returning to the spindle tree in October. 

The following types of individuals, arranged in sequence, are present in the life* 
cycle of migratory aphides (Figs, 374, 375). (i) The Fundatrices ; apterous, viviparous, 
parthenogenetic females which emerge in spring from the overwintered eggs. The sense 
organs, legs and antennse are not so well developed as in succeeding apterous genera- 
tions, the antennae, for example, being shorter and may comprise a smaller number 
of joints. The reduction of i^e parts is apparently correlated with increased repro- 
ductive capacity. The eyes are often smaller, or consist of fewer facets than in the 
succeeding generations, and there may be differences m the cornicles. In Drepano^ 
siphum piatanoides Schr. the fundatrices are exceptional in being winged. (2) 
Fundatngenia ; apterous, parthenogenetic, viviparous females which are the progeny 
of tlie fundatrices and live on the primary host. (3) Migrantes ; these usually develop 
in the second, third or later generations of fundatrigeniae and consist of winged 
parthenogenetic viviparous females. They develop on the primary host and sub- 
sequently fly to the secondary host. In Drepanostphum piatanoides all the viviparous 
feinales are winged and consequently fundatngenias 
are wanting. (4) Alienicola ; parthenogenetic, vivi- 
parous females developing for the most part on the 
seconda^ host. They often differ markedly from the 
fundatrices and migrantes ; many generations may 
be produced comprising both apterous and winged 
forms. (5) SexuparcB ; parthenogenetic viviparous 
females which usually develop on the secondary host, 
the alate forms migrating to the primary host at the 
end of the summer. The sexuparas termmate the 
generations of ahenicohe by giving rise to the sexuales. 

(6) Sexuales \ usually appear but once in the life- 
cycle and consist of sexually reproducing males and 
females, the latter being oviparous. The females 
with rare exceptions {Neophyllaphis Takah., Tamalia 
Bak., Cervaphis Van der Goot.) are apterous, and 
distinguishable from the apterous viviparous genera- 
tions of the same sex by the thickened tibiae of the 
hind-legs, and the greater body length. The males 
are either winged or apterous, and in Aphis malt and 
Chaitophorus populi both types are produced. Intermediates between alate and apter- 
ous forms also occur. The sexuales exhibit various types of specialization among 
different genera, which reach their culmmating point in Eriosoma and its allies. 
In these instances both sexes are apterous, there are no functional mouth -parts, the 
digestive system is degenerate, and the female lays only a single very large egg pro- 
duced in a single ovary, the counterpart of the latter having atrophied (Baker 1915). 
The eggs are laid on the primary host and in this stage the vast majority of species 
hibernate. In Trama, however, the adult fundatrices may overwinter ; in FhyUoxeva 
vastalrix the young nymphs hibernate on the vine roots and Chermes also passes the 
winter in the same stage on intermediate hosts. 

With non-migratory species the terms migrantes and alienicolas are not appli- 
cable. In these cases the winged and wingless viviparous females are more con- 
veniently referred to as fundatrigeniae alata or aptera as the case may be, and either 
one or other may give rise to the sexupara. 

We may now briefly consider the life-cycles of several species which exemplify 
different types of heterogeny. A high de^ee of specialization is met with in Hor- 
maphis Ost. Sac. and the alhed genera Hamamelistes Schim. [Tetraphis Horv.), and 
C 0 ra$aphi 5 Licht. They are gall-formers not only on the primary host, but often 
on the secondary one also ; cornicles are vestigial or wanting and the sexuales are 
ttsually small and apterous. The alienicolr^ are flattened and scale-like, often with 
\ mai^pnal fringe of wax glands, 'which imparts to them a close resemblance to an 
nlny^id. The life-history may become greatly abbreviated, and both the inter- 
jj^ttediate host and the aleyr^iform generations thereon eliminated, as in Hotmaphii 



Fig. 374. — Diagram of thb 
Life-cycle of Apsis 
018 (Based on observations 
by J. Davidson, at Rothaxn* 
sted). 
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4, ftnuUtriz ; B, apterous viviparous female , C, nymph of winged viviparous female ; D* winged viviparous femai< 
I male , F, oviparous female , 6, fundatriz, ist instar , /f, egg The antenna are also shown under higher magnifioatioo 
W|Q««ther with the tarsus in B and D and the hind tibia and tarsus in P. (From original drawwgs by J DavidiOik) 
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hamamelidis Ost. Sac. Accordixig to Morgan and Shull (Ann.Ent Soc, Am. i9zo),in 
the vicinity of New York this species has only fundatrices, sexuparae and sexuales 
generations. 

Among the Phylloxerinae the life-history attains the highest degree of complexity, 
and in Phylloxera quercus Lichtenstein states that no less than twenty-one forms occur 
in the life-cycle. In P. vastatrix of the vine the life-history, in a summarized form, 
is as follows according to Grass! (1915). The fundatrices arc seldom met with on 
the European vine, and their fate on that plant has not been definitely settled. Grassi 
states that they usually perish, while those on the American vine produce leaf-galls ; 
in no case do they develop on the roots as was formerly maintained. Given a suitable 
race of vine the fundatrices, therefore, are gallicola or leaf-gall formers. They lay 
a large number of eggs and their progeny, or fundatrigeniae, are dimorphic when newly 
hatched. Grassi recognizes fieogallicola-gallicola or those which will become galli- 
colae and neogallicolce-radicoleB or those which pass to the roots and become radicola. 
The neogallicolap-gallicolae pass through several generations producing in each case 
both gallicolse and radicolae. The former appear in greater numbers wlien the vine 
is in active growth and never develop on the roots. The radicolae are produced 
from the later eggs when the season is advanced. They may continue as radicolae 
and hibernate as nymphs, or produce sexuparae. The latter are winged and fly to 
the aerial parts of the vine to lay their eggs, which are of two kinds, — the larger being 
female-producing and the smaller giving rise to males. The sexuales are small and 
apterous ; the females each lay a single large overwintering egg, on the bark of the 
trunk and branches, which hatches the following year into a lundatrix. The actual 
details of the life-cycle on the European vine in southern Europe has been productive 
of much discussion, but it seems probable, from Grassi *s account, that the radicolae 
are the principal form of the species on that host, and that gallicolae are seldom met 
with. When, however, European vines are in contact with heavily galled American 
plants, it is stated that they are sometimes infected with neogallicolaD-gallicolae derived 
from the latter. In recent years Borner has put forward the belief that the Lorraine 
race is a difierent one, which he denominates perDustalrix, In that province he states 
that the sexuales select the European vine for ovipc^sition in preference to the Ameri- 
can, which is usually found covered with gaUs in southern Europe. Similarly winter 
eggs were only found on the European vine and galls developed. 

Related to Phylloxera are the genera Adelges [Chermes), Cnaphalodes, etc., which are 
confined to Coniferae. Two hosts are normally required for the life-cycle which extends 
over two years ; the primary host is Picca, while the secondary one is either Larix, 
Pinus, Abies, or Pseudotsuga (Fig. 37O). The life-histories of these insects are complex 
and very difficult to elucidate ; furthermore, it is probable that separate specific 
names have been applied to different cycles of the same species. For example, 
Adelges viridis (Ratz) has a cycle of five generations on spruce and larch, and 
the closely allied but exclusively parthenogenetic species A. abietis Kalt., has but two 
generations, both on spruce. These are regarded as distinct species by Cholodkovsky, 
but Bbrncr considers that they constitute the single species A . abietis L. In a similar 
manner Borner disagrees with Cholodkovsky and unites Cnaphalodes strobilobius 
(Kalt.) and Cnaphalodes lapponicus Choi, into a single species under the former 
name. In 1909 Cholodkovsky maintained that there is a third species of Adelges 
{A, Occidentalis Choi.) which probably combines the reproduction cycles of both 
viridis and abietis but, unlike them, is confined to western Europe. Steven, how- 
ever, finds that in Britain all three species are present in localities where spruce and 
larch grow side .by side* It will be gathered, therefore, from the foregoing remarks 
that further research alone will determine whether several species occur, or only 
biological races of a single species. The principal features in the life-cycle may be 
summarized as follows — (i) The sexually produced eggs hatch in autumn and the first 
stage nymph hibernates on spruce. (2) Fundatrices develop from these nymphs 
during the following spring and their feeding habits initiate gall-formation on the 
primary host. They lay numerous eggs which develop within the galls and give rise 
to gallicola. (3) The latter issue from the galls and are divisible into winged galli- 
cola migrantes (migrantes), which fly to the intermediate host, and gallicola non* 
migrantes which remain on the spruce and give rise to further fundatrices. (4) The 
progeny of the gaUicolae migrantes hibernate as first stage larvae, and in the spring 
develop, into colonici (alienicolae). The colonici lay their eggs on the intermediate 
host ; their progeny varies in type and' behaviour among difierent genera. Thus, 
there may be sistentes which are similar to tlie original colonici and are apterous; 
oldier apterous forms termed progredientes ; and alaUs which are akin to the latter in 
behaviour. (6) The sisknUs produce among their pregeny sexupara which fly to the 
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.piim«ry bott and lay their thereon. (7} The aptdconi uxuAs devdop Aom 
the latter, and the females eaw lay^a single egg winch hatches in antnmn. and thus 
completes the two years’ cycle. 

The phenomena underlying the. migration of aphides are very little understood, 
tmt the main factor appears to be those physiological changes in the plant during 

SCHEMATIC SUMMARY OF THE LIFE-CYCLE OF ADELGES 



..g^rowth which render it unsuitable as a host for the aphides concerned. A rednctton 
In the reproductive capacity of the parthenogenetic females becomes e^ddent, 
troA the individuals produced in each generation often become progressively nntdler. 
;Tw apterous individuals produce migrantes in increasing numbers and evtadfatjUf 
mimary host becmnes freed. Migrantes have been observed to appigur. ,p 
;|pBt numbers when the host plant wilts, or wben much overcrowded wifl» apwittw 
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fotwu Moisture And ttmperatare 9 xt i^tional factors, but tiie «»ct part played 
by them needs critical egcamination. Mordwilko considers that all aj^iides treep 
Qirigix^y poljrphagous and that existing migrations are remnants of that habtt« 
He divides these insects into Uiree groups, {a) Those in which migration is absent 
but the species are widely pol3rphagous. (b) Species in which there is facultative 
migration, two hosts may be utilized and i^lyphagia is more restricted. Thus, a 
species may complete its life-cycle on one host but, on the other hand, it is capable 
of utiliziag an alternative host for a portion of its development, (c) Species in whidi 
migration is obligatory and which are only slightly polyphagous. 

The reproductive capacity of aphides is greatly influenced by temperature and the 
physiological condition of the host plant. Evidence indicates that an abundance 
of nealthy plants coupled with a sufficiently high temperature aflord conditions favour* 
able for prolifle agamic reproduction. On the other hand, these same conditions 
have been stated to retard the appearance of the sexuales. Kyber in 1815 bred 
Macrosiphum rosa for four years indoors and only parthenogenetic forms resulted, 
although, out of doors, sexuales appeared annually. These observations appear to 
be supported by those of Russell (C7.S. Dept. Agrtc. Bull, go) who found that this 
species reproduces by parthenogenesis tlirough the year in California. 

It must, however, be borne in mind that, although the view that external factors 
regulate the reproductive method has received wide support, it is difficult to believe 
that they are actually determinative. The cytological work of Tannreuther, Morgan, 
Stevens and others indicates the internal or germinal factors are directly concerned 
in the appearance of agamic and sexual generations. It is evident tliat in most 
species there is an inherited tendency for sexual forms to be produced in autumn, 
but in some cases experimental evidence shows that under a favourable temperature 
the appearance of sexuales is prevented and agamic reproduction only occurs. In 
these instances temperature may possibly exercise an influence on the behaviour 
of the cliromosomes, which in themselves are the real factors determining whethei 
a generation be sexual or agamic. 

The remarkable reproductive powers of these insects has already been referred 
to (p, 346) and the capacity of different species in this respect varies withm very wide 
limits. Numerical evidence of the fecundity of Aphis malifolice Fitch is afforded 
by Baker and Turner (1916). The fundatrix produces on an average 71 young. 
From 5 to 7 generations of spring forms occur and consist at first exclusively of funda- 
trigenis, but migrantes appear in increasing numbers in each generation. The 
average number of young produced by the fundatrigeniae was izi per female : the 
later generations were rather less prolific. The migrantes yielded on an average 
18 young per female, the alienicolae 63, sexuparae 7, and the sexuales produced an 
average of 6 eggs per female. It can be readily imagined that if this numerous pro* 
gny survived, the available supply of plant life would speedily become exhausted. 
This result is avoided owing to the fact ttiat aphides are destroyed by very numerous 
parasitic Hymenoptera, they also form the food supply for the progeny of many 
Aculeata and are further preyed upon by great numbers of Coccinellidae and larv^ 
Syrphidae and Neuroptera. In addition to the above enemies, vast numbexB are 
waiffied away by rains, and many migratory forms probably periiffi through failing 
to readi suitable hosts. In spite of all these and other controlling agencies, sufficient 
numbers survive to render many species pests of prime importance to the agricul* 
turist and fruit-grower. 

The literature on the family is very extensive ; the monographs on the BritUh 
epecies are those of Buckton (1876-83) and Theobald (1926-29), The work of Van det 
Goot (1915) on the Dutch forms includes most British species, and the monographs 
of Kaltenbach (1843), Koch (1854-57), and Tnllgren (1909) are important to the 
systematist. For the classification and world genera consult Baker (1920). and for 
a list of species and their plant-hosts vide Patch (19x2-19) and Wilson and Vickery 
(X9 x 8). The biology of the family has been extensively studied by Mordwilko (1907, 
X909), and for information on the anatomy reference should be made to the papen 

Witlaczil (1882), Mordwilko (1895), Davidson (X913, X914) and Baker (19x5)* 
For the life-history and biology of individual species the following writings, amioag 
others, may be mentioned : Davis (1914) on Callipterus and (1915) Macrosiphum : 
Patch (X913) on Eriosoma ; Matheson (19x9}, Baker and Turner (19x6) on species 
Of Aphisj '^biani (1884) and Grassi (X9X5} on Phylloxera ; and Chrystal {Forestry 
Comm. SuU. 4, 1922) on Adelges, which includes a bibliography of that genus. 

FAM. COexSIDiS (Scale-insects, Mealy-bugs), tarsi i*jointed with a single 

OIAW ^ ROSTRUM SHORT. FEMALES USUALLY DEGENERATE ; SCALB-LIKE, OALL-LTKF 

WITH A FOWDBRY OR WAXY COATING ; APTEROUS, OBSCURELY SEGMENTED, LE08 
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AW AirnmiAl OFtSN VBStXGIAI^ OH AtXOffiXBD. «|AUBt Wltfi AKTEWft WKiS 
Wtv, W AOIttBTXMSS APTBROT 7 S ; KOUTH-^AftTS WANTING 

This faintly m some respects is one of the most anomalous of all msects Not 
only 18 there a remarkable variety of forms withm its hmits, but also the sexes in 
tbs same species differ as much m characters and metamorphosis as insects pertam* 
teg to different orders. The form most usually met with is the female, and conse- 
quently the popular expressions ** scale-insects ** and '* mealy-bugs " refer more 
particularly to that sex Coccidas are among the most important pests of cultivated 
l^nts, particularly of fruit trees, and mention need only be made of the San Jose 
ucale [Aspidiotus pemtctosus Comst ), the Mussel Scale (Leptdosaphes ulmt L ) of the 
apple, and the Fluted Scale {Icerya purchast Mask ) of citrus fruits, to establish this 
fact. The plant hosts are extremely numerous (vide Green, I 9 I 7 ~X 9 ) and probably 
include representatives of every natural order of Phanerogams. 

Their habits, however, are very variable, some species being confined to a Single 
food-plant , thus Cryptococcus fagt is only found on Fagus sylvaitca and Physokermes 
abtetis on Abtes excelsa On the other hand Leptdosaphes ulmt L is known to mfest 
about 130 different species of plants pertaining to widely divergent orders. The 
species of Pseudococcus Westw {Dactyloptus Targ ) arc also very general feeders and 
occur on a great variety of plants grown under glass. The facility with which the 
living msects can be transported over long distances, along with their hpsts, has 



Fto. 377 — IcxMTA rvECMAai, Male, Enlarged On Left, Wing Pocket and Hooks 

MORE HIGHLY MAGNIFIED. 

AfUr Riley, In$ i. 

resulted in many species becoming almost cosmopolitan. The strictest legislative 
measures are m vogue in many countnes m order to guard agamst their further dis* 
semination 

The males have only a smgle pair of wmgs (Fig 377) with greatly reduced vena- 
tion. In Pseudococcus Westw , for example, R is smgie-branched and only a spur- 
hke rudiment of Sc and a portion of M are present The hind-wings are represented 
by a pair of slender halteres which develop from the metathoracic wmg-buds (Wit- 
l^sil) ; each is furnished with one or more booklets which fit m a pocket on the 
udng of its side 

In a few Diaspinae apterous males occur, while in Chtonaspts saiicis L. both 
apterous and winged individuals are present In Tachardta lacca Kerr the males 
exhibit alternation of generations combmed with dimorphism (Imms and Chatt^ee) 
Thus m the first generation both apterous and winged forms are prevalent, while 
te* second generation consists of the former only In the majority of species the 
inales possess four large ocelli, two bemg dorsal and two ventral ; m such cases the 
dmnpound eyes are reduced to small colourless tubercles or are totally absent. In 
the suh-families Monophlebinse, Margarodinae, and Ortheziinss well-formed compound 
(bftM are present, while the ocelli are either very small or wanting The antenUae 
isU normally lo-jomted and the mouth-parts are completdy wantmg, atre^y taking 
during metamorphosis. 

the abdomen is 8-segmented and termmated by a piomteent, sptec-hhe genital 
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i^Aiic^mdiom tb» i»d««gii«« It it {i«qiiwtl|y 4M)e0i^ hf tw> w qcm^ 
tiUM iom JPh^Hoa^ CMl.) or oacM (X»U>ciHsm$) kn«, white, fililotm ptocesseh. 
hdL mo^hlebus Burm. the conspicnous genital sheath is not evident and the some* 
what truncated apex of the abdomen is furnished with 2 to xo elongate, fleshy out* 
growths* The males are always smaller than the females, and have an average wing^ 
expanse of a to 4 mm. ; the disparity in size of the two sexes is often extraordinarihr 
great as, for example, in Coccus (Lecanium) caprea. 

"Die adult females are invariably apterous and usually exhibit considerable degen- 
eration. They are always invested with some kind of specialized covering or secretory 
material. In Monophlebus Burm., Icerya Sigpi. and Pseudococcus Westw., etc., there 
18 a coating of mealy substance, Tachardia is enclosed in a dense cell of resin*like 
matter, Ceroplastes is invested with plates of wax, while in species of Coccus {Lecan^ 
ium) ^e hardened dorsal surface is produced by simple cuticular thickening. In 
the Diaspinse a definite scale (erroneously termed a puparium) is present, it being 
formed either of larval exuviae, or the latter combined with secretory material. The 
flrst la^al exuviae persist and are followed by the second, and further growth of the 
insect is accompanied by the formation of a secretory covering, either around the 
^ Bouch6.or extending behind the latter, as in Chtonaspis 

Ckll. (Fig. 378,). The least modified type 
of female is exhibited in the Monophle- 


binae and Dactylopinae. In these sub- 
families the legs and antennae are pro- 
minent, the insects retaining the power 
of free locomotion. Among the Coccinae 
(Lecaniinae) the legs and antennae are 
frequently present in a well-developed 
condition, but are no longer functional, 
as the insect takes up a permanent posi- 
tion on its host after the final moult. 

In the Diaspinae the legs have totally 
disappeared and the antennae are reduced 
to minute papillae. A still further stage 
in degeneration is met with in Physo- 
kennes, where the insect is reduced to 
the condition of a sac-like object devoid 
of any vestiges of antennae or legs. It is 
therefore evident that, if a sufficiently 
extensive series of genera be examined, 
almost every stage in transition will be 
found, from well-developed legs and ii* 
jointed antennae to the complete dis- 
appearance of these organs. The legs, 
when fully formed, have i -jointed tarsi 
terminated by a single claw ; in a few 
exceptional genera the anterior tarsi are 






Fig. 378. — A, Coccus (Lecanium) caprbm oa 
Ceatjeous (Originai.) : B, Male and C, 
Female Scales of Crionaspis SAzioiS 
(after Green) ; D, Pssuuycocous (Bacffa- 
opjus). Female (after Comstock). 


2-jointed. Eyes may be present or absent, but are never highly developed and arc 
often very rudimentary, as in the Diaspinae. In the latter sub-family the abdomen 
calls for special mention, and is terminated by a flattened region or pygtdtum, con> 
posed of several fused segments. On its dorsal side the pygidium carries the anus 
and ventrally the genital aperture. On the dorsal aspect there are also numerous 
structures known as the tubular spinnerets, which are concerned with the secretion 
of the scale, but are not exclusively confined to the pygidium. Berlese (1893-95) 
has shown that the underl3ring glands communicate by long slender ducts 
the capitate extremities of the tubular spinnerets. 

On the ventral aspect of the pygidium, and disposed around the genital pore, 
are the openings of several groups (usually five) of ckcumgenital glands. Green has 
directed attention to the possible connection between these glands and oviposition. 
Thua in those species which are ovoviviparous the glands, as a rule, are wanting, 
while they are present in all oviparous species. The pores of the glands in the living 
insect are usually obscured by the waxy powder which they secrete, and the same 
powder is found dusted over the eggs. Smaller groups of similar glands occur in 
relation to the channels which lead &om the ventral spiracles to the outer margin 
Oi the insect. They likewise produce a powdery secretion which may possibly 
tion In excluding the entry of water, while freely admitting air to the respiratory 
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€«^ea. They are never deposited openly on the host plant, some oi 
j|(WPtxKl^ always being provided. Thus in the Diaspinae tibey are laid beneath' the 
v^fcitle while in Coccus the dried body of the female functions as an ovisac. Oiiknui 
i;' ^^.JBbpsc. carries them between the long waxen plates at the extremity of the body. 

genera deposit them in ovisacs of white cottony or felted waxy material secreted 
'beneath the parent. Both oviparous and ovoviviparous species are frequent and 
|oay occur in the same genus ; in the latter forms the eggs remain within the body 
of its parent until the contained insects emerge, or emergence may take place during 
'^.;;;^/^«HfidpQsition. 

' The young larvae are oval and flattened (Fig. 379) ; the sexes are very rarefy 
/; distinguishable at this stage and it is often impossible to separate larvae of 
v''genera. 

SHctococcus dimorphus Newst. is exceptional in that there is well-marked sexual 
^f:^«^i|norphi8m in the first instar larvae (Bull, Eni, Res. x, p. 65). After the first mou^t 
larvae of both sexes bear a closer resemblance to the adult female, and the latto 

sex usually becomes mature after 
the second moult. On the other 
hand at this stage the nkle be- 
comes a‘pupa (Fig. 3793), ^ith the 
sheaths of the imaginal app 
free, amd after a third mo^ilt the 
adult male appears. In the Bia- 
spinae the scale covering th^f.male 
pupa is readily recognisable by its 
smaller size and usually more elon- 
gate form than the female scales. 
It is characterized by being formed 
of the first exuviae only, its com- 
plete formation taking place by the 
addition of secretory material dur- 
ing the second larval instar, ^ylo- 
coccus alni Og. appears to be^ ex- 
ceptional in passing through ibuT 
instars in the female and five in 
the male (Oguma), but further re- 
search on the number of instars 
and other features in the metamor- 
phosis of Coccidae is greatly needed. 
In Mmgarodes Guild, the female 
encystsfora lengthy period au^com- 
panied by histolysis. Judging by 
its mozphology and by the numb^ 
of moults passed through the 
female Coccid appears to represent 

Jibe pupal stage of the male and may possibly be regarded as a neoteinic form. 

. . .In many species fertilization is apparently the rule, and it is known in a few hi- 
I ;?s^ce8 that one male may fertilize several females ; Oguma has observed that a 
.whale may also be fertilized by successive males. In other cases males are either 
■^v-^nknown or so infrequent that parthenogenesis is evidently a common phenoinenoin. 
'^^Ilbus in Lepidosaphes ulmi L. males are unknown on its- commonest host (apple) 
Bind have only been observed on one or two less frequently infested plants. 

4 -^' The indigenous British Coccids are univoltine, but this rule does not apply to 
l^fyopical forms or species living under glass. Tachardia lacca, for example« passes 
T'^^&imgh two generations in the year and the San Jose Scale has several bfoo^. On 
hand, Oguma states that Xylocoecus alni requires 2} years to complei» its 

^ ^.aisi^ycle. 

.Certain species are subterranean, particularly thpse of Margarodes and RU 
live on the roots of plants in association with ants. A number ol ^ 
at habitations oi the latter and most probably secrete honey-dew, thus xhtsSer^ 
acceptable gnesm. The honey-dew is a clear glutinous substance which is 
rly attractive to Hymenoptera. It is raxely secreted by the Diaspixus and 
especially diaracteristic of the Coccuue and Dactylcminae. Certsin epedse 
, more especially those belonging to the Austranan genus 
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. 379 •—A, Larva of Coccos 

VENTRAL VIEW X 1 10 . 

■ g tot «li6atli; f, retort-fhaped organa; t, tt$ q>irade8; 

B, Male Pupa of LeptoosAFaEa 
VENTRAL view X 48. 

Adaptad from Berleae, Rw. di. Pat. Vtg., 1893-5. 
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In 8<me iostances Ckicoiib or ^usir firddticts have j>roved of Oonsidiemlsjo MA(k» 
iBatotel value. Ulus the ** cochineal ins^ (Dactyloptus coecun), a native of Mea;^ 
lihox^lf on various Cactaceae» yields the dyestufi Imown as 
oochineal, which is prepared mm the dried females Simi- 
lariy» the dyestuff known as Kermes or ** granum /me- 
toftfim *' has been used almost from tune immemorial , it 
is likewise prepared from the dried females of Kermes thets 
ijL )* The stick-lac of commerce from which shellac is pre- 
tered is the resmous substance formed by Tachardia lacca 
380) The latter msect is a native of India, where it 
hves on many kmds of trees, notably Butea frondosa, Shorea 
retiusta. Acacia arabtea, Schletchena tnjuga, and on species 
of Zuypkus and Ficus The crimson colouring agent Imown 
as •* lac dye ** is also yielded by the bodies of the females ; 
for an account of this insect vide Imms and Chatterjee (1915) 

The gum-lac insect {Gascardia) of Madagascar yields an in- 
ferior type of lac containmg a much higher proportion of 
wax, ^veral Coccids yield wax m sufficient quantities to 
have been used commercially, notably the Chmese wax 
msect Ericerus pe4a, and an Indian species of Ceroplastes. 

Mention should also be made of the so-called ** ground 
pearls,” which are the outer pearly covermgs cd Margarodes 
These are collected and strung mto necklaces particularly 
in S. Africa and the Bahamas. 

The literature on the family is very extensive, and among 
the more comprehensive treatises on the structure and 
biology are Newstead's Monograph of the British species 
(1901-j), that of Green (xSgd-xgss) on the Ceylon forms, 
and the writings of Berlese (X893-95), Marchal (1908), Lin- 
dinger (X912), Leonardi (1920) and Balachowsky (1932), A 
great deal of information on the anatomy of Cocuds is given 
by Berlese (/ c ) and the student should also consult the 
papers of Mark (1877), Witlaczil {1886), Childs (X914), and Oguma (19x9). 

For nomenclature and a catalogue of the world sj^cies vide Femald (1903), 
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Order 15. NEUROPTERA (Alder Flies, Lacewings, Ant 

Lions, etc.) 


S MALL TO RATHER LARGE SOFT-BODIED INSECTS WITH USUALLY ELON- 
GATE ANTENNAE. MOUTH-PARTS ADAPTED FOR BITING : LIGULA UN- 
DIVIDED OR BILOBED OR OFTEN ATROPHIED. TWO PAIRS OF VERY 
SnULAR MEMBRANOUS WINGS, ^ GENERALLY DISPOSED IN A ROOF-UKE MANNES 
OVER THE ABDOMEN WHEN AT REST. VENATION PRIMITIVE BUT WITH MANY 
ACCESSORY VEINS COSTAL VEINLETS NUMEROUS: Rs GENERALLY PEC- 
TINATELY BRANCHED ABDOMEN WITHOUT CERa. LARV.fi CARNIVOROUS, 
OF A MODIFIED CAMPODEIFORM TYPE WITH BITING OR SUCTORIAL MOUTH- 
PARTS : THE AQUATIC FORMS USUALLY WITH ABDOMINAL GILLS. PUPA 

exarate: wings with compiete tracheation. 

The heterogenous group which formed the Neuroptera of Liniueus is 
now divided mto at least eight or nine well-defined orders, the original 
name being confined to the Megaloptera and Planipennia as enumerated 
hdow The group thus restneted is still further dismembered by some 
authorities into two or three separate orders. This course, however, is 
very doubtfully warranted owing to the difficulty of separatmg such orders 
on the basis of any constant venational differences It is evident, how- 
ever, that the Neuroptera exhibit at least three Imes of evolution with 
marked divergence also m their metamorphoses. These several lines 
appear, however, to be derivable from a common ancestral type. The 
Spmes are rarely abundant m mdividuals, and all exhibit weak powers of 
mght They feed upon soft-bodied insects and liquid matter, such as 
honey-dew. 

With the exception of the Coniopterygidae, the Neuroptera are separable 
from the Mecoptera by the venational features enumerated above. The 
mouth-parts are well developed with biting mandibles, the maxillary pal];u 
are 5-jointed, the labial palpi 3-jomted, and the ligula is reduced to the 
condition of a median and sometimes slightly bilobed process, or is totally 
atrophied. The wmg-coupling apparatus is of the jugo-frenate type, though 
usuwy much reduced and without bristles : a froiulum, however, is present 
in many Hemerobiidae. The tarsi are uniformly 5-jointed and tiie ab- 
domen lo-s^ented. Excepting for the venation (vide Tillyaid, 1919), 
the comparative morphology of the order has been ve^ inadequate 
investigated. There are two pairs of thoracic and eight pairs of abdominal 
mirades, and the ventral nerve cord consists of three thoracic and gener- 
ally seven abdominal ganglia. The digestive system is provided with a 
median dorsal food-resmroir, a peiitrophic membrane is present, and the 
usual number of Malp^hian tubes is ^ht : the ovaries cemsist of a variable 
ttutnber of usually ^lytrophic ovaiioles. 


^ The Coaiopterygids are exceptional m having the two pairs of wings very unequal 
I it« with greatly reduced venation. They are small insects covered with a whioSlI 
IMfdary exudatjon. The NemopteridsB dider fromaUotherfam4NBiatheirelon9«ta< 
ipimhind wings 
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tile larvse exhii^t great diversiijr of strnctqxe And mode of Ufe, are, 
In aU eases, carnivorous ; in a considerable proportion of die specMS ti^ey 
are aquatic. The latter forms are interesting from the fact that they 
usually cany segmentally arranged, and often jointed, abdominal pro- 
cesses. 

The Neuroptera are divided in the present work into the sub-orders 
M^^optera and Planipenma, which are treated separately below, the 
British species number about 6o, and for information concerning them see 
MacLachlan (1868) and KiUington (1936-37). About 3,700 species of the 
order have been descnbed. 


Sub-order i. MEGALOPTERA (Alder Flies and Snake Flies) 

BRANCHES OF THE VEINS USUALLY WITHOUT A CONSPICUOUS TENDENCY 
TO BIFURCATE AT THE MARGINS OF THE WINGS. LARV£ WITH BITING 
MOUTH-PARTS. I 

The Megaloptera fall very naturally into two superfamihes — the&iahoi- 
dea or “ alder &es ” and the Raphidioidea or “ snake flies.” Th«e two 
divisions are regarded by Handhrsch as bemg sufficiently distinct tq war- 
rant theu: separation mto orders of their own. They mclude a small number 
of archaic types not very closely related among themselves. 

The sub-order is classified as follows : — 


A (B) • — ^Prothorax quadrate . an exserted ovipositor wanting : wmgi 
without pterostigma Larvae aquatic 
I. Wing expanse 45-100 mm. three ocelli present • 4th tarsal 
]omt simple. Larvae with 8 pairs of abdominal gills and 
no terminal filament 

Wmg-expanse 20-40 mm : ocelh absent : 4th tarsal jomi 
bilobed. Larvae with 7 pairs of abdominal gills and 8 
terminal filament. 

B(A) .—Prothorax elongate : an exserted ovipositor present : wmgs 
with a pterostigma Larvae terrestrial. 


SlalloldM 

CORYDAUD4 

SlALtDM 

Rapbldlolde 

RAPHIDIIO.! 


The Sialioidea are of special interest both on account of the large 
size and striking appearance assumed by certain of the species, and because 
the group includes the most generalized representatives of the Neuroptera 
Similarly to other primitive groups, the Siahoidea only mclude a small 
numbar of genera and speaes, but they exhibit an almost world-wide 
^though discontmuous distnbution They differ from other Neuroptera 
in the hind-wings being broad at their bases with the anal area folded fan- 
wise whai at rest (Fig 382). 

The eggs of these insects are laid upon leaves, stones and other objects, 
usually not far from water. They are deposited regularly m compact 
masses : in Sialis each mass contams 200 to 500 eggs and in Corydalts the 
number amounts to two or three thousand. The eggs are cylindrical with 
rounded ends and dark brown m colour : at its free extremity each is pro- 
vided with a conspicuous micropylar apparatus varying somewhat in form 
among different genera. The young h^ae, after edosion, make their way 
to the water : those of Sialis are fotmd in the muddy bottoms of ponds, 
canals and slow-moving streams, while the larvas of CorydaUs lurk imder 
stones in rapidly flowing water. All the larvse of the Sialioidea are actively 
predaceous, devouring other insect larvse, small worms, etc. The mouth- 
parts resemble those of a Carabid larva, the mandibles being powerful and 
iBuuifly toothed, while the maxillse exhibit the typical parts and the labium 
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coosists <it a mentum, a 4 entate Ugtila and 3>jointed palid. The aatemue 
are prominent 4-jointed appendage, and the legs are wdl devdoped« 
tenmnating in paired daws. The larva of Sialis (Fig. 381) is provided 

with seven pairs of 5-jointed, lateral, seg* 
mentally arranged abdominal filaments or 
tracheal gills. Each of the latter is sup- 
plied by a tracheal branch and contains 
blood. On the 9th abdominal segment 
there is a terminal filament of a similar 
nature. In Corydalis and Chauliodes there 
are eight pairs of unjointed or imperfectly 
jointed filaments : in the former genus, and 
in Neuromus, each of the first seven abdo- 
minal segments also bears ventral, spongy 
tufts of accessory tracheal gills. The body 
in these three genera is terminated by a 
pair of hooked anal feet, without the ^- 
like filament of Sialis. Accordmg to Davis 
(1903), there are eight pairs of small ab- 
dommal spiracles in Sialts, while m C<»y- 
dalts and Chauliodes thoradc spiracles are 
also present. Pupation occurs in the soil or 
in moss, etc., sometimes at a depth of 
several inches The pupae are exarate and 
are able to work their way to the surface to 
allow of the emergence of the imagines. In 
the common European Sialis lutarta the 
whole hfe-cyde occupies about a year. This 
species and S. fusconebulosa are the only 
British members of the super-family. Cory- 
dalis is North American and Asiatic and 
the male has enormously elongate sickle-hke mandibles and a wing-expanse 
ranging up to 150 mm. For a general account of the biology of the 
vide Davis (1903). Some accoimt of the anatomy of Sialis is 
given by Dufour {Ann. Sci. Nat. 

(3), 9, 1848), and by Loew [Linn. 

Ent. 3, 1848) : the latter author 
aJ^ contnbutes observations on 
the anatomy of Raphidia (vide 
below) • 

The Raphidioidea include the 
most spedalized members of the 
Megaloptera and are entirdy ter- 
restrial in habits. The group 
occurs on all continents widi the 
exception of Australia, and most 
<k the spedes are induded in the 
genera Raphidia (Fig. 383) and 
InoedUa. The imagines are re- 
markable for the elongated pro- 
tlaosax which, together with the narrowed posterior region of the head* 
^ kind of “ neck : unlike the Sialioidea, they possess an elongate 
aetiform ovipoattor. About eighty ^ecies of the group are known,of whkib 



Pig. 


jSi- — L arva of Sialis 

LUTARIA, ENLARGED, 

After luestag^ 



Fko. 38 a. — bright WXMOS of SiAZIA ZWAVAn 


•mkv to thfe lunm tx<$«a ira^diidM iMMft lNi£i^ 

occar in wood^ r^itms and are met with amcsm^ rank liethli0t«c 
§mm or tree-trunks, etc. The eggs are inserted by* means of the !tea| 
ovipositor in slits in the bark : they are elongate-cylindrical with a tmal 
appendage at one extremity. The larvae occur under loose bark. particU' 
Imiy of conifers, and are very voracious, prey- 
ing upon small soft-bodied insects which frequent 
simihr situations. The larva of Raphtdta (Fig. 

3 ^} is elongate and slender with a well chitm- 



Fig 5831. — RAPBiLiA xotata, Britain x 2}. 

ized head and prothorax. The thoracic legs are 
long, the abdomen carries no processes or appen- 
dages, and the mouth-parts resemble those of 


Flo. 384. — Rapbidh jroMfU. 
Larva. 

Afitf Sharp, (Mb Nat Nttk 


the imago. The pupa is more primitive than in 

any other of the Endopterygota and closely resembles the adult insect in 
its essential structural characters. Although first enclosed in a kind of 
cell the pupa emerges after a lapse of some time and, becoming active, 
crawls about until it finds a suitable place, where it remains until the 
edosion of the imago. 

The Raphidioidea have been monographed by Esben-Petersen (19x3) 
and by Navas (1918). 


Sub-order II. PLANIPENNIA (Lacewings, Ant Lions, etc.) 

BRANCHES OF THE VEINS USUALLY CONSPICUOUSLY BIFURCATED AT 
THE ICARGINS OF THE WINGS. LARV.E WITH SUCTORIAL MOUTH-PARTS. 

The l^anipennia include the majority of the Neuroptera and their 
various families exhibit an exceptional wealth of venationd qiedalization. 
Different as many of the families are in their imaginal characters, the group 
is well defined as a whole owing to the univer^ occurrence of suctorial 
piercing mouth-parts in the larvse. Nearly all the Planipei^a are terres- 
trial insects, a small number are more or less amphibious in their larval 
l^tages, and one or two genera have truly aquatic larvae. The most general- 
ised family are the Ithonidae, which, to some extent, saire as a connecting 
Unk between the two sub-orders of Neuroptera. 

< l^e larvae of the Planipennia are universally predaceous and are of 
4 !!tnisiderable importance as destroyers of aphides and other injurious insea^ 

f t head is often laige and very freely articulated with the {xothonlX. 
t numdibles and maudllae are long and exserted, bmg thereby adamfod 
seising the prey (vide Meinert. 7:889). The first-mentioned 
Hiiiauy sickle-shaped and. in some families. armiMl wifli 



^ 

Am m dbe tod jdapet dt one into each groove: in Uli' 
toilitoar the two sets of ai^pendages form a ^air of imperfect soctoiial tuhea ' 
^^•combined organs are deeply inserted into the prey and its juices aw ; 
imbibed by means of the pumping action of the pharynx. At the base of 
each maxiPa there is usually a pair of small sclerites— the cardo and st^pm 
“-'but, as a rule, maxillary palpi are absent. The labium is greatly reduced^ 
and its palpi, although sometimes aborted, are very variable in different 
families. The antennae are Aliform and often rather long. The proAorax 
is divided into three more or less distinct sub-s^pnents, but the meso- and 
sneta-thorax are sometimes merged into the trunk and not sharply demar- 
cated. The le^ are long and slender and allow of activity of movement ; 
their tarsi axe single-jointed. The abdomen consists of ten segments and is 
devoid of cerd. The larvae usually pass through three instars, except in Ithone 
where there axe five: when about to pupate, they construct ovd or q)heri- 
cal cocoons either of silk or of fore^ particles bound together with tl^t 
material. The pupae possess strong mandibles which are utilized in cat- 
ting through the cocoons to allow of the emergence of the imagines. The 
diet of the larvae consists solely of animal juices, and there is no through 
passage from the mid-intestine to the anus. The Malpighian tubes are 
usually 8 in number and, of these, 6 have acquired a secondary attach- 
moit by their distal extremities to the wall of the hind-intestine. The tubes 
thus modified function as silk-producing organs in the last instar, the sdlken 
thread being emitted by means of an anal spinneret (vide Anthony, 1902). 
The respiratory sjrstem opens by nine pairs of spiracles, the ist pair bemg 
prothoracic and the remainder abdominal in position. 

The Planipennia may be classified according to the following key: 
only five of the undermentioned families (mark^*) are represented in the 
British fauna, and a useful account of their structure and biology has 
recently bear contributed by Withycombe (1922). 


I (*).— Veuataon greatly reduced : small species covered by 
whitish powdery exudation. 

3 (1). — ^Veins and cross-veins numerous. 

3 (4). — ^Fore-legs raptorial. 


(4).- 

(3).- 

( 6 ).- 


-Fore-legs not raptorial. 

-Hind-wings greatly elongated and ribbon-like. 


7 {tp) 




•Hind-wings not as above. 

•Antennae thickened distally or clavate. 

Antennae not half as long as fore- wing: wings with 
a very elongate h3rpostignial cell extending beyond 
the fusion of Sc with Rj. 

•Antenx^ more than half as long as fore- wing: an 
elongate h3^stigmal cell wanting. 

■Antennae not thickened distally. 

•Two or more branches of Rs in fore- wing arising from 
the apparently fused stems of Ri and Rs. 
•Antennae moniliform : ctoss-veins few. 

•Antennae not moniliform : cross-veins more numerous. 
Hemerobiid-like : antennae of male coarsely pectinate : 

ovipositor exserted. 

Moth-like : antennae filiform in both sexes : ovipositor 
; not exserted. 


.(«).• 


*CONIOPT£RYGXX>Jn 
(p. 404) 

MANTISPID/B 

(p- 404) 

NEHOPTBRIDS 

(p. 403) 


UYRMBCBONmX 

(p. 403) 

XSCALAPHtDJK 

(p. 404) 


(P- 398) 
(p- 398) , 

tmOHlSA * 

{p- 398) 


the genus Ithone, Rs is as in (x6) but the motb-like appearance of jlfhesc ioiM 
rejpm them easily xecognisable. 
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iQie briAcSies of Ite uiiing from the latter veia stt^r 
• it be*, diverged from R. 

*2 not joined at its apex with R|. 

18 (19). — Body and trings not hairy. 

19 (18). — Body and wings densely hairy. 

*0 (17). — Sc joined at its apex with R,. 

SI (23).— Wings rounded with a prominent “ mid-rib '* formed 
by Sc, R, and Rs. 

22 (21). — ^Wings more elongate and without any prominent 

" mid-rib ’’ as above. 

23 (24). — Cross-veins numerous. 


*CBRYSOnD*C 

(p. 400) 

BBROTHwei; part 
(P- 400) 

PSYCHOPSIOiB 
(P. 400) 


•OSMYUDJB 


(P, 300) 

24 {23). — Cross-veins few. 

25 (26). — Costal veinlets branched in fore-wing; scales present berothidje : 

on some part of the wings in the female. (p. 400) 

26 (25). — Costal veinlets unbranched in fore- wing; wing-scales *sisyrid;? 

absent. (p, 


part 


In addition to the above families there are several others of minor imTOrtance 
The Sympherobiida comprise several genera related to the Hemerobiid® buAiffering 
in the formation of Rs. Psecira has the hind-wings of the male reduced to smaS 
^les ; P. diptera is an extremely rare insect which has occurred once or twi<J in the 
British Isles. The Myiodactylida appear to be a sub-family of the Osmylidse, 3 nd the 
Nyptphtda are a small family of Australian insects which are to be regarded as the 
remains of an ancestral group from which the Myrmeleonidae have arisen. They have 
rather long filiform antennae, which are moderately thickened, and differ from the 
l^st-mentioned family in the presence of cross-veins between Sc and Ri. The com- 
monN. American lacewing Polystoechoies belongs to the small family Polystoechotida 
which is closely related to the Berothidae. ' 

PAM. ITHONIDi®.— This family is the most nearly related to the Megaloptera 
Of all the Planipennia. Its members are large and rather stout-bodied insedts of 
superficially moth-like appearance, with a wing-expanse of about 40 to 70 mm. Three 
genera and about half a dozen species are known ; they frequent sandy localities in 
Australia and Tasmania (vide Tillyard, 1919. VIII : 1922). Ithonidse are active 
runners taking refuge in dark crevices, etc., and when their wings are closed they 
bear a certain superficial resemblance to cockroaches. The eggs of Ithone are laid in 
sand which adheres to them owing to a sticky secretion with which they are covered • 
the larva is soft, whitish, and blind, of melolonthoid form, with smaU mandibles and 
maxillse ; it normally preys upon scarabaeid larvae. 

PAM. DILARlDi®.— A very small family recognizable from its allies by the 
strongly pectinated antennae of the male and the exserted ovipositor of the female 
Its affinities lie with the Hemerobiidae and Ithonidae, but nothing is known concemine 
its biology, Dilar occurs in N. America 
and Japan. 

PAM. HEMEROBIIDi® (Brown Lace- 
. wings). — This family was originally held 
to include all neuropterous insects whose 
larvae possess suctorial mouth-parts and 
, whose imagines have a closely reticulated 
wing-venation. The growth of further 
knowledge, and more particularly the 
Work of Handlirsch and of Tillyard, have 
made it evident that the group thus con- 
stituted really forms a complex of a num- 
ber of separate families. The Hemero- 
< as now restricted, are rather small 

d^cate insects with moniiiform antennae 
and no ocelli. Their principal venational 
> fixture is the fusion of Rji and Rs, two or 
of the branches of the latter vein 

f ing from the common stem thus 

nd. The costal area is crossed by numerous branched veinlets* true ens^-VSAtt 
lew and of a specialised character (Rig. 385). A furthiur dbaracter ia aftondad^: 
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Fig. 386. — Hsmksobivs anaMA, 

t. leaves of pine, the arrows indicate positions where eggs are 
laid^ 2 , egg X 30; 3, laiva x 6; 4, pupa x 6; a, imago x 4. 
4/ter Withycombe, SfiUm xgga. 


So, wUdi 4 peo not inttte at its apw with uy other vcda. A wing-coupling apparatus 
oi the jngo-frenate type iscottmuwy present, and, atthough the jugal bHstles are want- 
ing, those of the frenulum are evi- 
dent. The eggs, unlike those of the 
Chrysopidae, are devoid of pedicels 
and have a knob-like micropylar 
apparatus. Hemerobiid larva (Fig. 
386) are fusiform and smooth with- 
out tubercles of any kind, and the 
body hairs are simple. The mouth- 
parts are rather stout and only 
slightly curved. A reduced pad- 
like empodium is present between 
the tarsal claws, but in the first in- 
star it is trumpet-shaped. In colour 
the larva are commonly creamy 
white with markings of some shade 
of brown. They roam about vege- 
tation infested with aphids and 
other Homoptera, acari, etc., which 
serve as their food. As a rule these 
larva are naked , and the often re- 
peated statement that they are con- 
cealed by skins of their victims 
which they transfer, along with 
other debris, to their backs, needs 
confirmation, and in most cases 
probably refers to Chrysopids. 
Hemerobiida are a widely dis- 
tributed family, and rather more 
than 20 species occur in the British 
Isles. 

FAM. OSMYLIDiE. — ^This family is closely allied to the Sisyrida and Berothida 
and is separable from the Chrysopida by the distal union 
of Sc and R^, and by the presence of three ocelli near the 
frons. The very large number of cross-veins is also a 
characteristic of the family. The Osmylida are a con- 
siderable assemblage of beautiful insects, often with macu- 
lated wmgs, and Ohmylus chrysops L. is the largest British 
Neuropteron. This species occurs locally along the bor- 
ders of clear streams where there is a dense growth of 
bashes, etc. Its larva (Fig. 387) lurks under stones or 
about moss, etc., either in or near the water. It is easily 
recognized by its long slender stylet-like mandibles and 
maxillae, which are c nly slightly curved upwards. Unlike 
the aquatic larva of Sisyra there are no gills and it 
breathes by means of thoracic and abdominal spiracles. 

According to Withycombe its natural food consists of dip- 
terous larvae. 

FAM. SISYRID.A. — ^These insects are to be regarded 
as an offshoot of the Osmylidae with which they agree in 
the distal fusion of Sc and and in the characters of Rs. 

Cta the other hand, the cross-veins are reduced in num- 
ber and definitely specialized : the costal area, also, l^s 
no recurrent veinlet or branched transverse veinlets (Fig. 

388). The larvae of Sisyra and CHmacia sure aquatic, liv- 
ing in association with fresh-water sponges (Spangilla and 
EphydaHa). The life-history of Sisyra has been followed 
by Anthony (1902) and by Withycombe. The eggs are very 
small, resembling those of Hemerobius : they are laid in 
small clusters on leaves, piles, and other objects standing 
to or overhanging water. The female covers each batch 
with st'siUien web as in the Psodda. The la^a clings to 



FJg. 387. — Oamrtvs 
canraoM, Larva. 

After Wltbyoomlm, riSMS 
Ent. See, X9S1. 


ssmfoce of the sponge or descends into the open osteoles, piierchig the sponge- 
thiBlls with its month-parta. It is yellowish green or brownish, hairy, teaemtimg 
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while the mandibles and 
fonn a pair of almost 
;'«^ally elongate bristle-like 
filets. Labial palpi are 
i^nting and the legs are 
singte-clawed. Pupation 
takes place above water in a 
finely woven double cocoon. 

Ihree species of the genus 
occur in Britain, 5 . fuscaia 
being common. 

FAM. BEROTHID^.— 

The Berothids are rather 
•m^l, somewhat slenderly 
built insects with variably 
Shaped wings. The latter are « ^ 
hairy, especially along their ^ 
posterior margins, and 
peculiar scales of a seed-like 
form may be present in the 
females, either on the pos- 
terior fringe or on some of 
the principal veins. The 
limite of ^e f^ily, however, Pio. 388 -Right Wings op SisrjtA FiAVJoojtNn, 
are m denned : thus in some Afur Comitock, wings of imscts. 

speaes Sc is distally joined 

with Rj, while in Berotha there appears to be no such union owing to the distal 
atrophy of Sc. These two veins remain separate in the Australian genera Trichoma 
^d Stenobiella, which are narrow-winged, densely hairy insects : they are regarded 
byTillyard (1916 : IV) as constituting a family of their own — ^the Trichomatidae. i The 
eggs of Spmnophorella are very similar to those of Ckrysopa and are elevated upon 
long pedicels. The newly hatched larva is figured by Till- 
yard ; it has an elongate narrow head with straight and rather 
\ I short mandibles with broadened bases. The family is widely 

1 1 distributed and known from India, the United States and 

/ % Australia. 

FAM. PSYCHOPSlD^^Although usually regarded as 
HHT ^ component part of the Hemerobiids, this family is separ- 

able therefrom by its markedly different venational characters 
and the shortened antennas. The costal area of the wings is 
exceptionally deep and the three veins Sc, and Rs exhibit 
increased chitinization and assume a parallel course as far as 
their terminal anastomosis (Fig. 390) : they form, in this 
mann^, a kind of broad mid-rib which renders these ins^c^ 
easily recognizable. The biology of the Australian PsychopHs 
elegans has been followed by Tillyard (1919. VII) and 
j life-cycle occupies about a year. The eggs are laid in Januaxy 
i or February upon the bark of treeg* especially Eucalypti : -^y 
are oval and each is provided with a smaU micropyliur pro- 
jection. The larva is characterized by the great slana !oi 
'fte* 389‘— SiMTMA mandibles, which are sickle-like and devoid of teeth: 

I ' Lakva. head is also large and its broad base is closely connected 

Withywmbs, Tnm. the prothorax without any visible neck.'* ; In their 
;a^Soc.i9aa. ^^68^ ]sj:yx are arboreal, living beneath bark: they pi^ 

; ebly only emerge from their hiding-^places to seize the 

come to feed upon the gum which exudes from we trees. There are 
wiyal instars ; about November they construct silken, eoeobns in crevices 
snd the pupal stage lasts about three weeks. Psychopsida are rare 
miMoBi habits : they occur in Australia, & Africa, Tibet, China and .SM 

FAM. < 3 IRirBOPl 04 & (Green lApewings).--Ihi8 ftoily bicludes a lammlik 
Bi% ^edes jujpuhrly kno^ as " g^ Jaceirings ;* 

. - ewingi 


fte* 389 SiMTMA 

I Lakva. 

4jfiW WIthywmbB, Ttsmt. 
Soc. 1992 . 







Fig 300 — Parcnofsis GHuiLn^ Male x • 

Adat ted from lillvard. Proc L«nn Sae N&W 4) 


Bpectively The compo- 
sition of these vems is 
represented m Fig 39*1 
and it will be noted that 
the pseudo-media is 
fnrnted by the fusion oi 


metallic matre CerUdn dt tto 
species emit a disagreeable odottt 
when handled from a pair 0| 
prothoracic glands, and have 
earned for the group the alter* 
native name of ** stink flies ” 
The antennse of the Chrysopidsp 
are filiform, and longer than tliey 
are in the preceding family, the 
Jomts being less distinctly demar* 
cated The venation (li^e TUI* 
yard, 19x6, III) is characterized 
by Rs arising from the mam 
stem separately from Ri, by the 
absence of a distal fusion be- 
tween the latter vem and Sc, 
and by the exceptionally straight 
vein M The latter and Cu are, 
however, highly complex veins, 
and for this reason they are 
designated by TiUyard pseudo- 
media and psc udo-cubitus re« 




and M344 and por- 
tions of the four proximal 
branches of Rs The 
pseudo-cubitus is formed 
by Cu, by the distal por- 
tions of Mjhs and M3 4 
and by parts of the three 
proxim^ branches of Rs 
The eggs of the 
Chrysopidae are com- 
monly laid in batches, 
and a small amount oi 
secretory fluid accom- 
panies each act of ovipo- 
sitxon A spot of this 
substance is applied to a 
leaf or other object and 
the abdomen is then up- 
lifted, with the result 
that a viscous thread oi 
the secretion is drawn 
out perpendicularly tc 
flhe substratum The 
thread rapidly hardens 
mid IS surmounted by an 
the latter bemgthus 
supported upon a deli< 
tale pedicel. InChrysopa 
and certam othei 
sjM^, the pedicels oi, 
are Joined. 
JMd a emmon bundle. 

larvae (Fig.. 







Fio 39x 0EJi7«ei>A uwata. A, Diagram of WiNG-TRAcam 
T20M. B, WXMO-VBKAMOK. 

Cll^pleodl>*cuUta•;M^ptetldo-ll^ AttarT&lpLtdf Pm Lmn Soc 4 
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Fig. 392 . — CriRTsopA 

QARIS, I.ARVA IN 

Instar. 

AfUt Withycombe, Trans. Enim 
Soc. 1922. 
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599)'f«sem1^ those ol the Hemerobiidae in their genera! characters bat differ aicooid- 
ing to Wtffiycombe in the following points. They are 
■horter and broader with the jaws more slender and 
curved. The body is provided with setae arising from 
dorso-lateral tubercles. The larvae are often concealed 
^ the remains of their victims, which are retained in posi* 
tion by means of hooked hairs situated on the dorsal 
aspect of the abdomen. A trumpet-shaped empodium is 
Tmsent between the tarsal claws in all instars. Chrysopa 
flma differs from most other members of the family in its 
idxva having no tubercles and in being more elongate, 
la coloration the larvae are exceedingly variable : the 
ground colour is generally white, yeUowish or green, 
usually with darker markings of red, chocolate or black. 

They are familiar objects on aphid-infested vegetation 
and are commonly obscured by their coating of debris. 

Economically, they are of importance on account of 
the large numbers of soft-bodied insects which they 
consume : their prey consists principally of aphides, 
but jassids, psyllids, coccids, together with thrips and 
acari, are also attacked. According to Wildermuth 
{Joum, Agric. Res. 6, 1916) Chrysopa calif omica will 
destroy 300-400 aphides during its larval existence. 

Rather more than a dozen species of the family are 
British, and 59 are enumerated by Navas in his mono- 
graph of the European forms (Arx. Inst. Cien. Barce- 
lona, 1915 )* 

FAM. NEMOPTERIDi®.— A higlily specialized 
family with enormously elongate, ribbon-like hind-wings 
and with the head usually prolonged into a kind of 

rostrum. They are striking and beautiful insects flying with a curious up-and- 

down motion after the man- 
ner of Ephemerids, with the 
long hind-wings streaming in 
the air. The form of the 
latter is somewhat variable : 
in Croce they are filiform, and 
taper to a point, while in 

other cases they are some- 

times expanded before their 
extremities (Fig. 393). The 
mid-rib, whic^ lends support 
to these greatly attenuated 
organs, is formed, according 
to Comstock, by the closely 
approximated stems of R and 
M. The life-history of the 
Indian Croce filipennis (Fig. 
394 ) occupies about a year 
(vide Imms, 1911). The im- 
agines are crepuscular and 
frequent buildings. The eggs 
are laid among dust and re- 
fuse on floors, and the fully- 
grown larva has a large quad- 
rate head and long, curved, 
finely dentated mandibles. 
The head is connected with 
the hind-body by a conspicu- 
ous 2-8egmented ** neck " ; 
the meso- and meta-thorax 
are imperfectly differehffated 
and merged intp IsJm. abdo- 
men. Thelarvmcovmrtten- 
ttwy p^ ttjpon Baadda 



Fig. S93i--CRoc» fjupxxm x 2 * 5 . India. 
ultb dust particles and are hard to detect ; 
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A, larva m last iiistar B, a dolichastcx x 330 C, ventral aspect 
of head of larva x ^ mandible, mx, maxilla, Ip, Ubial palp. 
D pupa AfUr Imms, Tram L%nn Soc xgxx 


other small insects. The pupa is notable on account of its method of accommodat* 
iug the long hmd-wmgs. These are many times coiled after the manner cl watch* 
sp^gs : they cross each other near iheir bases, so that the nght wing lies on tibie left 
Side ax^ vice versa. The pupa is endosed in a cocoon composed of sand and debris 

bound together by silk. In 
Ntna joppana and Pteroervee 
storeyi the neck of the larva is 
so greatly attenuated that it 
equals in length the whole of 
the rest of the body (Fig. 395) : 
these remarkable larvae have 
been bound in caves in Egypt 
and Palestme (vide Withycombe, 
1923) The family is widely dis* 
tnbuted and several speaes 
occur in S. Europe. 

FAM. MYRM£L£ONIDd£ 
(Ant Lion Flies). — In their 
general appearance these insects 
resemble dragonflies of the nar- 
row-bodied type and m their 
larval stages they are known as 
ant lions ** (fourmilions). They 
comprise a considerable numb« 
of often large, handsome species 
which, however, are seldom seen. 
During the day they hide among 
trees and bushes, only appearing 
on the wing towards dark. Myr- 
meleonidae are easily distin- 
guished from other Neuroptera by their short knobbed antennae : their wings are long 
and narrow, usually marked with brown or black, and furnished with many accessory 
veins and cross-veins They are closely related to the Ascalaphidae, but the lattm 
msects have longer antennae and lack 
the elongate hypostigmal cell (Fig 
^90) Although most abundant m 
tropical countries, species of Myrme- 
lean occur in Europe, one representa- 
tive being found as far north as 
southern Sweden, but the family is 
not found in the British Isles : the 
European species are enumerated by 
Navas {Insecta, 5, 1915). The biology 
of M. formteartus was accurately ob- 
served by the early naturalist Reau- 
mur. The ova are deposited in sand 
and the newly emerged larvas exca- 
vate pits in the ground for the pur- 
pose of securmg their prey. The 
Myrmeleonid larva buries itself at the 
bottom of the pit, leaving only its 
large jaws protmdmg. An ant or other 
insect wandermg over the edge of the 
pit usually dislodges the sand of the 
sloping sides and soon flnds itself m 
difficulties. The ant lion jerks some 
of the sand by means of its head to- 
wards its victim and contmues to do 
so until the latter is brought to the 
bottom of the pit. Here it is seized 
and not released until its juices are 
axtracted. The larvae of this family (vide Meinert, 1889; Redtenbacher, 1884; Gravely 
aikd Maulik, 1911) are flattened and ovoid with large heads, and long, protruding 
mandibles, armed with exceedingly sharp spmiform teeth (Fig. 397) The pit* 
Immkig habit is characteristic of Myrmehen and several other genera, but the larva 
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preys npoti the axxts which are oonstdAtly streaming up aiu! dosm; OtibiiF 
: . t|tis iaxi^y hide away under stones and debris, or cover themselves with a 
' foreign substances, and thereby secure concealment. Some account of the anatomy 
of the imago is given by Dufour (Ann. Set. etrang. y, 2834). 

FAM. ASCALAPHIDifi. — ^This family is closely related to the Myrmeleopid» 
C and has a very similar distribution. Some of the species are active fliers, and are on 
l^e wing during daytime, hawking their prey after the manner of dragonflies : otheia, 
i however, are nocturnal and very seldom seen. The eggs are deposited in rows tlpoo 
grass steins, twigs, etc., and the batches _____ 

are often fenced in below by circles of -7^ 

rod-like bodies or repagula which possibly 
guard them from the attacks of predace- Sc ^ ^ 

. ous enemies. The larvae closely resemble ^ h 

those of the preceding family and have — A 

similar dentate mandibles: they are ^ 

oft^ provided with lateral segmental 

processes fringed with modified seta ^ j 

(dolichasters). These processes are par- T 7 7 \ yu 

tkularly well developed in Pseudoptynx J ^ 

and Ulula, while they are usually quite o 
rudimentary in the Myrmeleonida. The ' \ I 

larva do not construct pitfalls but live T 

.^cealed on the ground among stones, p,,, ^g6.-PoRnoi<, of FoRE.wmo\ of A. 
iMws. etc., or more rarely on the bark a MyMELEONm ; B. An AscALAram, 

of trees. The family has been mono- showing Hypostigmal Cell h. 

graphed by Van der Week (1908), who Bawd on figare. by Comstock, 

figures larva of several genera : the life- 

history of .4 is discussed by Westwood (Trans. Ent. Soc. 1888) and that of 

tllula by McClendon (Amer. Nat. 36, 1902). Several species are common in southern 
Europe and Ascalaphus longicomis occurs as far north as Paris. 

FAM. MANTlSPlDiF. — ^The members of this family are easily recognized by the 
elongate prothorax and the large raptorial anterior legs. The latter appendages are 
formed very much the same as in the Mantidae (vide p. 244) and fulfil similar functions. 
Each femur is armed with powerful sx^ines and the tibia is adapted to fold closely on 
to it, the two joints forming a very effective prehensile organ for seizing the prey. 
The family occurs in most of the warm regions of the world and a few species occur in 

S. Europe. The life-history of Mantispa 
siyriaca has been followed ‘by Brauer 
^ (Verh. zoo, bot. Ges. Wien, 19, 1869). The 

eggs are borne on long pedicels as in 
Chrysopa and the newly-hatched larvae 
are elongate and campodcifotm but axe 
devoid of cerci. They pass into hibema* 
tion almost immediately and in the foj- 
lowing spring they seek out the egg- 
cocoons of '^e spider Lycosa. Only a 
single Mantispa larva enters each cocoon 
and it preys the young spiilerei 
llr piercing them with the pointed mou^* 

^ ; parts and imbibing their body-flui^ 

•; FiO. 397* — MrBMEiBoy, Larva Feeding in ^is manner leads to an 

Pupa x 3. Switzerland. pansion of the larva which becomes W. 

Ffom enlarged photos by H. Main. swollen as to resemble that of a mliuib* 

ture cockchafer. It subsequently undAp** 
goes eedysis, and becomes transformed into an erucifonn larva with a minute teibli; 
^.and small thoracic legs. It becomes mature a few days later, and spins a cocdkii* 
sxound itself, amidst the dried remains of its victims, within the original egg-bag bi 
the spider. Pupation occurs within the last larval skin and the imago consequently 
/ Kaa to pierce the latter and its own cocoon, and that of the spider, before it emergai 
■ iaio the open. The parent spider watches over her cocoon without hostility to 
’ jmence of the parasite. The life-history of Mantispa, it will be observed, a&cijis 
/.dk example of hypermetamorphosis. ' 

,FAM. CONiOPTERYGID.A*-^This family includes about 50 species whipliaiii 
dtnallest and most aberrant of the Neuroptm. They ate extremely hagils 


♦ 1 

397. — MrBMsixoN , Larva 
Pupa x 3. Switzerland. 

Ffom enlarged photos by H. Main. 
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alM0!ft tCaA<i43iAnmber: tbe eyes axe tather barge and theta ajfe no ocelli, the 
cnoUth^'fiaxts do not differ in any important features from those of other Planipennia« 
The venation is greatly simplified by reduction, Rs bemg 2«branched, and there ait 
hat lew cross-veins (Fig. 398) Perhaps the strongest claims 
^ese insects have to be regarded as Neuropterous rests on the 
structural characters of their larvae. So far as known the eggs 

are laid upon various 
trees frequented by 
Aphididae, Coccidse ox 
Acanna.and the result** 
ing larvae prey upon 
those organisms. The 
larvae are more or less 
pyriform, tapering 
sharply towards the 
hinder extremity, and 
the legs are long and 
slender (Fig 399) . The 
antennae are few-jointed 
and fnnged with rathei 
long hairs the man* 
dibles and maxillae are 
short and stout piercing organs, and the labial palpi are con- 
spicuous clavate appendages projecting in front of the head. 

When about to pupate a cocoon is spun of silk emitted from the 
anus as m other Planipennia. According to Arrow {Ent, Month Mag 1917) the firs' 
generation of Conwentzta psoctfonnts spms its cocoons on oak-leaves, while the seconc 
generation overwmters as larvae, which he up m cocoons spun upon the trunk of tha^ 
tree. The family has been monographed by Enderlein (1906) : although its memben 
are not rare they need carefully looking for and, up to the present, only about sevei 
species have been found m Britam (vide Withycombe, Entom, 1922) Anatomicalli 
the larvae differ from other Planipennia m possessing only six Malpighian tubes anc 
in the ureatlv concentrated abdommal nerve cord. 
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Order i6. MECOPTERA (Panorpatse : Scorpion flies) 



S LENDER, MODERATE OR SMALL-SIZED, CARNIVOROUS INSECTS WITH 
ELONGATE, FILII ORM ANTENNAI. HEAD USUALLY PRODUCED INTO A 
VERTICALLY DEI- LECTED ROSl RUM, WITH BITING MOUTH-PARTS* LIGULA 
WANTING. LEGS LONG AND SLENDER WINGS SIMILAR AND MEMBRANOUS, 
CARRIED LONGITUDINALLY AND HORIZONTALLY IN REPOSE .* VENATION 
PRIMITIVE, Rs DICHOTOMOUSLY BRANCHED, CU, SIMPLE. ABDOMe|i ELON- 
GATE WITH SHORT CERCI, MALE GENITALIA PROMINENT. LARViE ERUCIFORM 
WITH BITING MOUTH-PARTS AND THREE PAIRS OF THORACIC LEGS .* ABDOMINAL 
FEET PRESENT OR ABSENT. PUPiE EXARATE : WINGS WITH REDUCED 
TRACHEATION. ' 

This small order comprises fewer than 300 species, the greater n\imbei 
of which belong to the genera Panorpa and Bittacus. The majority of th( 
members of the group are easily reco{ 
nized by the beak-like prolongation c 
the front of the head, and their ofte 
maculated wings. The “scorpion flies 
{sen. str.) belong to the Panorpids 
which include many species wide! 

^read over the northern hemisphci 
(Fig. 400). Their vernacular name 
due to the fact that the males can 
the terminal segment of the abdome 
upwardly curved, somewhat after tl 
manner of Scorpions. The Bittacid 
are very slender Tipula-like msec 
with prehensile tarsi: they are foun 
in most parts of the world exceptm 
the northern portion of the holarct 
region, 'fhe Boreidae are characte; 
iz^ by their vestigial wings and occi 
in Europe and N. America. The ord< 
is represented in the British Isles b 
three species of Panorpa and a sing 
»pecies of Boret^ (vide MacLachlai 
z868). 

The Mecoptera are essentially tei 
restrial insects undergoing their trans- 
formations in the soil: a possible exception is found in Nannochorisia, 
which is believed by Tillyard to be aquatic. Both their larvae and imagines 
axe carnivorous, but the extent to which the Panorpidae prey upon living 
uninjured insects or other animals is doubtful. Brauer and Felt have 
reared larvae of Panorpa upon fragments of meat, but Miyake found wounded 
ur dead insects more acceptable. The adults are mostly found in shaded 
iHtiatums where there is a ^wth of rank herbage. rests studded 
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^tlOi—PA\UHeA COMUUSIS. A, 

Male; B, Female (from Photos by 
W. J. Lucas) , C, Apex op Abdomen 
OP Male (after MocLachla;-). 



BXtlS^BNAL AKATOMY ^ 407 

ftvm grasses or twigs by its fore>le^, and prqrs upon small Dipiera, wd^ng 
tbem by means of its raptorial tarsi. Boreus lives among moss or beneath 
stones in autumn and early winter, appearing occasionahy on the. surface 
of snow ; it is exceptional in feeding upon vegetable matter. 

External Anatomy (Fig. 40Z). — The anterior region of the head is 
usually prolonged into a rostrum which is formed by the dongation of 
parts of the head-capsule together with the dypeus, labrum and maxilhe. 
The compound eyes are weU developed and there are usually three ocellj. 
The antennae are more or less fiUform and many-jointed, there being about 
40-50 joints in Panorpa, and about 16-20 in Btttacus. The mandibles are 
slender and elongate : they are only dentate at their apices, each beauing 
from I to 3 sharp teeth. The maxillae are complete : their palpi are 5- 

f jointed, and the galeae and 

y., laciniae are hairy lobes of 

I ( H somewhat complex structure 

II /) \ IM (vide Miyake, 1913). The 

NA ^ // r labium consists of an elon- 

\ \ ^ ^ I ^ /M submentum, not alwa3rs 

M al clearly differentiated fnan 

r 1/ / KH U the short mentum : thepre- 

I: I IMt/ f M mentum exhibits traces of a 

I 1 / r 1JH''T ^ bilobed structure, but the 

ijpO vf T ligda has disappeared. The 

f labial palpi aure i- to 3- 

'J I jointed ; in some cases they 

P jl are in the form of fleshy 

^ p ^ /' J lobes in which, according to 

^ ^ "W N Crampton, traces of pseudo- 

JWmL V" * • 1 /y M tracheae may be present, re- 

^^ 7^* I' 3 X V jy sembling those found in the 

^'XjYTTl 7 labium of Diptera. The 

HoX mouth-parts of Nannochor- 

/ V® are considerably special- 

ized (vide TiUyard, 19x7). 
Fio. 401. — PANonrA toMHoma. i. Frontal vnw oi The labrum and epiphauynx 

Head ; 2, Ventral view ; 3, Labrum ; ^ form a sharply projectinS 

Mandible , 5, Maxilla ; 6. Labium ; 7. Apex oi' o y ^iujcuuu5 

Tibia and Tarsus. process, the mandibles are 

AiAotnuu; C, labrum; D, mandible, F, galea; FC, fronto- Vestigial, and the labial palpi 

“*• (par^lossae of TiUyard) are 

parti^y fused at their bases. 
This genus, which is accorded separate family rank by TiUyard, exhibits a 
tendency towards the development of suctorial mouth-parts and fore- 
shadows the condition foimd in the lower Diptera. 


The prothorax is very smaU, its largest region being the notum, whict 
is divided by transverse lines into four areas. Both &e meso- and meta- 
thorax are wdl developed. The legs are generally adapted for walking, 
the claws are usuaUy paired and in Panorpa they are strongly pectinated 
In BiUacus the claws are single, and the fourth and fifth tarsal joints art 
provided with fine teeth along their inner margins : the fifth joint is cap 
able of closing on to the fourth after the manner of the blade of a pocket- 
knife. The two pairs of wings are similar in form and nearly equal ii 
aiae : in many species they are conspicuously ^tted or banded. Theai 
OfgaiB are totally absent in the Californian ApterobiHacus : in the male) 




tmm (ifjg. 40s» m njr fMo |«jn tit HHMer 

onatlft^un vestiges, end in the females tibere is a s»^ pair of sciMIlIm 
Ipbas OQ the mesotho^. In the Nannodtoristime and Chodstine tiime is 
definite wing-coupling apparatus with a wdl-developed frenulum (vide 
p. 35). Microtrichia are generally present, and macrotrichia occur on the 
ve& and their branches, 
but not on the cross-veins : 
the latter t3^ of setae is 
also often present on the 
wing-membrane. The vena- 
tion is extremely archaic, the 
principal veins and &eir 
primary branches (excepting 
those of Cu,) frequently be- 
ing present (Fig. 403). The 
wing tracheae, on the other 
hand, are highly specialized 
by reduction The pnmary 
dichotomies of the veins 
usually occur fairly dose to 
the bases of the wings, and cross-veins are numerous, but without definiti 
arrangement. In their venational features the two pairs of wings are al« 
very ahke, the principal difference being the basal fusion of Cu» and lA it 
the hind-wmg. A marked deviation from the primitive type is exhibited 



Fig. 402. — BoBMva argMAirSt male x 

Aftit Withyeombe. 






FHO, 40 ^-~WlNGS OF PANOttPA, 
Aftpf Comstoek, Wings 0/ InstOt, 


hi Nannockorista in which Rj • is unforked and M -f Cui are fused for 
about half their length. 

The abdomen is composed of 10 segments and, in the male of Panorpt, 
the hind margin of the qth sternum is prolonged into a deeply deft pt»> 
^OSS, the two arms of which are styliform. The qth tergum is prokmi^ 
, a subquadrate plate. Between the dorsal and ventral prooe^ 


Utmt tlMitt if a pak of laieraDy inserted a-jC^ted tlas^. Tbe 
1t<ir£h segment if very !no(mspica(ms> and bears a pair of short i-jointed 
earcL Between the basal joints of the claspers is the longitudinally deft 
ifdeagus. In the female the 7th to loth segments are cylindrical, and 
each is telescoped into the preceding s^pment : at the apex of the abdo- 
men is a pair of a-jointed cerd. 

Internal Anatomy.— The internal anatomy (vide Miyake, 1913) has 
only been very partially investigated. In Panorpa the alimentary canal 
is a tolerably straight tube, the only convolution present occurring in 
the hind-intestine. The oesophagus is curiously dilated at two points 
along its course to form what appears to be a kind of muscular pumping- 
apparatus. A short distance further backward there is an elliptical <mam- 
ber which is regarded as the proventriculus : the latta: is provided with 
longitudinal and drcular muscles, and its inner lining is beset with numerous 
long setae. The mid-intestine is an elongate tube of large cahbre, and the 
commencement of the hind-intestine is marked by the insertions of 6 
Malpighian tubes. A pair of tubular salivary glands is also present. 
The nervous system consists of tiie usual cephalic centres, 3 thoracic and 
6 abdominal ganglia: the first of the latter is located m the meta- 
thorax, and the remaining abdominal gangha lie in the 3rd to 7th 
s^ments respectively. The respiratory system is well developed : there arc 
two pairs of thoracic and six to eight pairs of abdominal spiracles The 
reproductive system in the male consists of a pair of testes, each composed 
of three folhcles arranged side by side around a longitudmal axis: the 
vasa efferentia are densely convoluted, forming a kind of epidydimis at 
the posterior end of the testis. The two vasa deferentia open separately 
into a large median vesicula seminalis which also receives a pair of accessory 
glands. Each ovary consists of 10-25 polytrophic ovanoles, the numbW 
vaiying according to the species. The two oviducts unite to form a common 
canal which opens into a kind of genital pouch : the latter also receives 
the opening of the duct leading from a small pyriform sac (spermatheca ?) 
and that of the duct of a pw of colleterial glands. The genital pouch 
communicates with the exterior on the 9th aMominal segment. 

Life-history and Metamorphosis. — The eggs of several species have 
been obtained by confining the adults in vessels containing damp soil. 
In the European and American species of Panorpa they are laid in gm^ll 
batches in crevices in the soil : in the Japanese P. klugi Miyake mentions 
nearly 100 eggs being deposited in a group. In form they are ovoid in 
Panorpa and more or less cuboidal in Btttacus. The hfe-history of Panorpa 
was first observed by Brauer (1863) ; Felt (1895) desenbes the larva of 
P. rufescens, but the most complete account is that of Miyake (191a) which 
xders to P. kh^t (Fig 404). Ihe first stage larva is yellowish-grey with the 
head testaceous. It is erudform and bears a close resemblance to a cater- 
pillar. The head is rather large with prominent 4-jomted antennae and 
It bears a group of about 20-28 simple eyes on either side. The mand iMes 
are riiarply toothed, and the maxillee are divided in lobes apparently cor- 
responding with a galea and lacinia : the maxillary palpi are 4-jointed. 
The labium is small and its palia 3-jointed. The thorax bears 3 pairs 
of legs, each composed of 4 joints : the abdomen is zo-segmented and 
the first 8 somites each carry a pair of abdominal feet. A media n 
chitinized shield is present on all the body segments. The first 
b abdominal shields each carry a pair of annulated processes, the last 
pairs being consido^bly the larger : the zoth segment bears a MftgV 
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median |>n>cess of a simflar character together with a coiiotis retractile 
lobed vesicle on its ventral side. Nine pairs of spiracles are present; 
they are located on the prothorax and first 8 abdominal segments. 
After the first ecdysis the annulated processes practically (hsappear exc^t 
those of the last three segments. The number of ecdyses that occur has 
not been observed: Felt, from head-measurements, recognized seven 
stages in Panorpa rufescens. Pupation takes place in an earthen cavity 
bdow ground : the pupa is of the usual exarate type and is capable of 
movement when distmrbed : according to Miyake it works its way to the 



surface prior to the emergence of the imago. The European species prob- 
ably pass through a single generation in the year. The larva of Boreus 
is strongly curved : the thoracic legs are well developed but tliere are no 
abdominal feet. It lives among moss and, when about to pupate, con- 
structs a vertical tube leading near to the surface. 

Glassification. —The order has been recently monographed by Esben- 
Petersen (1921), whose family divisions are adopted below. 

1 (2). — ^Tarsi single-clawed and modified for raptorial use. BtUacus, 

Apterobtttacus. BirrACiDiB 

2 (i). — Tarsal daws paired and not modified for raptorial use. 

3 (4). — ^Wings vestigi^ Boreus, BOREiDiS 

4 (i)* — ^Wmgs well developed. Panorpa, Chortsta, Taniochorista, Nanno- 

chorisia, panorfid;b 

In addition to the above, the two small families Notiothaumid® and Meropidas 

are represented each by a smgle genus and species from Chili and the United States 
respectively. They differ from the Panorpidae in the shorter and broader wings which 
exhthit A more reticulated venation. 
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Order 17. TRICHOPTERA (Phryganeidae : Caddis FUes) 


S MALL TO MODERATE-SIZED MOTH-LIKE INSECTS WITH SETACEOUS AN- 
TENNAE. MANDIBLES VESTIGIAL OR ABSENT : MAXILLEI SINGLE-LOBED 
WITH ELONGATE PALPI : LABIUM WITH A MEDIAN GLOSSA AND WELL- 
DEVELOPED PALPI. WINGS MEMBRANOUS, MORE OR LESS DENSELY HAIRY 
AND HELD ROOF-LIKE OVER THE BACK IN REPOSE. FORE-WINGS ELONGATE, 
HIND-WINGS BROADER WITH A FOLDING ANAL AREA : VENATION GENERALIZED: 
CROSS-VEINS FEW. TARSI 5-JOINTED. LARViE AQUATIC, MORE OR LESS 
ERUCIFORM AND USUALLY LIVING IN CASES t BODY TERMINATED BY HOOKED 
CAUDAL APPENDAGES. PUP^ EXARATE WITH STRONG MANDIBLES: WING 


TRACHEATION REDUCED. 

The Trichoptera are weakly flying insects of moth-like appearance 

found in the vicinity of water (Figs. 

\ / _ 405, 406). They are unfamiliar to the 

general student, whose acquaintance 
with the order is usually restricted to 
the case-bearing larvse which frequent 
/ W\ ponds and streams. The imagines are 

/*\ mostly obscurely coloured, being gener- 

' * ally some shade of brown, often with 

Fio. 405.— ffronoM/w Ati«v»rEUi. X > darker markings. They are not often 

seen on the wing unless di.sturbed, and 
they rest on herbage, trees, or stones : 
\ / their flight is of short and uncertain 

duration. Many species are nocturnal: 
some are attracted to a light, others to 
moth-collector’s saccharine mix- 
ture, and a few visit flowers. Th^ 
have seldom been observed in the act of 
feeding : the mouth-parts are adapted 
1 1\ for licking fluid nourishment, but prob- 

/ \ ably a number of species ts^e no food 

_ , „ ' ' at all. In their general afiinities they 

fto. 406.-H.^ closely alUed to the Lepf' 

dttmm doptera-Homoneura and are only 

separable from the latter upon com- 
parativdy dight characters. In the Trichoptera, however, a thyridiom 
is generally present on each wing, is separate from Cui,^ in the fore-wing 
and broad scales are universally wanting. About 2,600 species of the order 
are known and, of these, rather more than 170 inhabit the British Isles. 
The principal work on the European forms is that of MacLachlan (1870-430), 
who has adso monographed the Briti^ species (1865). modern 

introduction to the order is by Ulmer (1909). 

Anatomy (Fig. 407). — ^The anteimse are multi-articulate and setaceota, 
frequently several times the length of the wings : when in r^)ose they an 


FlO. 406. — HaLESUB EUTTATlPBirittM 

circa 2. 



«1os<^ {)cvi«cted in fr^ iiiecoiti|K»»a«l^ 

«iaa]], but occasionally they occupy nearly the v 4 iole of the hem in tl^ 
Ocelli are either three in number or wanting. The siructuie of the mlnitli* 
pats needs comparative study among representative gen^, the dypeu^ 
ftaiTOW and transverse, while the labrum is generally somewhat elongated, 
the mandibles are atrophied, or vestigial, in many genera such as Phryganea, 
Lifttnophilus, Andbolia, etc. (vide Lucas, 1893), but are better developed 
in certain others. The maxillae are small and closely associated with the 
labium : they are ordinarily provided with a smgle lobe or mala, the palpi 
are elongated and 5-jointed in the females, but in the males the joints 
are more variable. The labium consists of a well-developed mentum, a 
me^an glossa, and 3-jomted palpi. There is a prominent hypopharjmx 
which receives the aperture of the salivary glands. In the Australian 
PUctrotarsus the lab- ^ 

rum and labium are 
greatly elongated, 
rorming a kind of 
rostrum, and the two 
pairs of palpi are 
carried forwards. 

According to Cum- 
mings (1913) in Dtp- 
seudopsis each maxil- 
lary lobe is m the 
form of a pendulous, 
annulated half-tube 
recalling the con- 
dition found in 
certain archaic Lepi- 
doptera in which the 
two elements of the 
proboscis are not 
oo-adapted. 

The prothorax is 

small and ring-hke ; Pio ^7. — LmnoMnvs. t, Hfa», frontal vibw. 2, Max* 
the mesothorax is u-l* and Labiom (innfr aspi 3, maxilla. 4 
the largest segment 5. Tarsds and apex of tiaiA of 3rd Leg. 




I 


the largest segment 5 , Tarsus and apex of Tibia of 3rd Leg. 

a, base of antenna; B, labrum , C, clypeus, r. galea , H, base of maxiUar) 
and tJie metatnorax palp, L, prementum, mentum; S, glotsa Silvestri 

is somewhat shorter. 


The legs are long and slender with large, strong coxse : a meron is preseal 
in relation to the two hind pairs of coxse, but is less completely developed 
tium in most Lepidoptera. The tibise are often fumished with spines and 
movable spurs, the tarsi sure 5-jointed, and between the daws there is eithei 
a pair of pulvilli or a cushion-likC emp<^um. The wings are almost always 
i^y devdoped, but the females of Enokyla and PhilopoUmus distinctns are 
practically apterous. In Anomdhpteryx (male) and Thamastes (both sexes] 
hind-wings are reduced to scaile-like rudiments. The extremdy hahy 
nature of the wings, which is especially charact^tic of the order, is due 
to the presence of macrotiichia both on the veins and wing-membrane, 
h ikrtain genera, however, exhibit a tendency to a reduction of this dothingi 
Mid in some forms there is an almost general absence of hairs. Seal^ 





Ittm io at«ftct«ri9tie of tej^uloptem. The lote-witi|» 
Me lieneer then the hind^wings, and are often slightly more cmiaceous. 
Twf l)^^“CO»^>ling app^tiu is exhibited in a primitive condition in Wtytieo- 
j^Skt in which there is a jugal lobe on the fore-wing resting on the costa 
ef the hind- wing. There are neither jugal bristles nor frenulum, and the 
humeral lobe is suppressed or vestigial. In the majority of genera the 
jugal lobe k rudimentary or wanting, and an amplexiform of coupling 
apparatus is developed. This is brought about by a fold along the whole 
length of the anal area of the fore-wing raigagmg the costa of the iand- 
wing. In some forms a row of costal hooks along the hind-wing grapple 
the anal margin of the fore-wing, and thus securely interlock the two wings 
of the side. The venation, as exemplified by Rhyacophia fuscuta, is of an 
extrmely generalized type (Fig. 408) and closely resembles that of the most 
primitive Lepidoptera. Almost all the veins are longitudinal, not more 



Fig. 408. — HufAcopsiiLA fvscvla, Vknatioh. 
After Comstock, with legend slightly altered. 


tha n two veinlets in the costal series are retained, and the cross-veiaa 
are reduced m number. Unhke the Lepidoptera, M, of the fore-wing is 
not fused with Cu^. Near the fork of vein M on both pairs of wings 
there is, ordinarily, a semi-transparait whitish spot generally devoid of 
hairs and known as the thyridium. It is possibly due to the presence 
cd a glard or sensory organ and is wanting in Lepidoptera. The usual 
number of abdominal segments is 9. The genitalia in the male (vide 
Zander, 1901) consist of a pair of claspers and two lobes (parameres ?) ol 
the aedeagus : in the female the terhiinal segments are ^metimes retractile 
and tnbi^u:. thus functioning as an ovipositor. 

In the males of species of Hydrophla there is an elaborate apparatus 
df soent-brushes and scent-scales situated at the hinder region of the head 
Mkd attached to tubes or membranes which are capable of being everted* 
'IWiBimably by means of blood pressure. When not in use these organs 
JlWtWitiidnrim into the head (vide Eltringham, 19x9). 



TRICHOPTERA 


The internal anatomy of Trichoptera has been very little investigated 
and only fragmentary accounts exist. The alimentary canal is rdativdy 
short with a small stomach, a tubular and slightly coiled intestine, and 
an expanded rectal chamber: six Malpighian tubes are present. The 
nervous system, in addition to the usual cephalic centres, consists of 3 
thoracic and 7 abdominal ganglia. The testes are simple ovoid sacs and 
the ovaries consist of numerous polytrophic ovarioles (vide Stitz, Zool, 
Jahrb. Anat., 20, 1904). 

Biology and Metamorphoses. — ^The early stages of Trichoptera, 
almost without exception, are passed in fresh water. One or two species 
develop in brackish or salt water, while the larva of Enoicyla is terrestrial, 
living among moss at the bases of trees in woods. The eggs of caddis fUes 
are laid in water, on aquatic vegetation, on overhanging trees or occasion- 
ally far from water (MacLachlan). They are deposited in masses (covered 
by a mucilage which rapidly swells when wetted. The larvae are thelfamiliar 
objects known as " caddis worms " and those of the greater number of 
species form cases or shelters within \ 

which they reside. These structures are 
composed of a basis of silk to which vari- 
ous foreign materinus are added. They 
are commonly tubular in form with an 
opening at either end. The anterior 
aperture is wide and through it the head 
and legs of the contained insect can be 
protruded. The posterior aperture is 
usually smaller and is frequently pro- B 

tected by a perforated silken plate. As 
a rule the larva performs undulatory 
movements with the abdomen which ® 
maintain a current of water in contact 
with the body, flowing out through the 
posterior opening of the case. At its ^ 

hinder extremity the larva is provided 4 o» — Cases of Trichoptera, 

with a pair of grappling hooks and it Magnified. 

is by means of these organs that it is ^ mapaiek b, urvai ease. 

able to maintain a fiim hold of its case, 

dragging the latter along with it while 

it crawls about. The variety of cases made by caddis larvse is very great 
(vide Fig. 409) and their form and the materials used in their construction 
are in some cases characteristic of particular species, in others of genera 
or families. Almost aU kinds of material which cw be found in the water 
are utilized by one or other of the species. Leaves, pieces of leaves or 
stalks, straws, pieces of stick, etc., are often employed while other species 
sdect seeds, sand, particles of gravel or the shells of small molluscs. In 
addition to the case-beeuing forms certain other Trichopterous larvae come 
under a different category and aire, furthermore, structurally different 
in themselves. In these instances either no habitation is formed at all 
(ex. Rhyacophila) or a silken retreat is formed which is fixed and not por- 
table. These retreats axe often common to several larvae and may be 
coated with mud or particles of gravel. Species of Hydropsyche, Phihpch 
tamus, Plecironemia, etc., which are carnivorous in habit, obtain their 
food by constructing nets or snares in the water around the mouths of their 
iiabitations (vide Wesenbeig-Lund, X9XX ; Noyes^ X9X4). Such nets ire 
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composed of strong silken tiireads which are supported on some available 
framework such as fragments of leaves or twigs. Water flows freely through 
(lie net» but the latter holds back the organisms which serve as fo^ for 
caddis larvae. 



Fig 410 — A 1 epical 
Trich o p r 1 ROUS 
Pupa 

//, latoril line , »/, switiuiiiiig 
l‘J!, pioMsionil muj 

dibl(*s 


A typical Trichopterous larva has a well-developed 
chitinized head and very short antennae (Fig. 411A). 
Biting mandibles are present and the maxillae are 
single-lobed with short 4- or s-jointed palpi. The 
labium beairs a small terminal median lobe and very 
much abbreviated palpi. The thoracic terga vauy with 
regard to their degree of chitinization and, in caise- 
beaxing larvae, one or more of the segments bear 
chitinized dorsal plates. The legs are long and well 
developed with i-jomted tarsi, each being terminated 
by a single claw. The abdomen is typically lo-seg- 
mented and generally covered with a membranous 
cuticle. The first segment, in mainy species, carries 
three prominent retractile papillae, one being dorsal 
and the remaining two lateral in position. They serve 
to meiintain tlie insect in position in its case and 
thereby allow of an even flow of water through the 
latter. The anal segment in all larvae beairs a pair of 
short and sometimes jointed appendages : each is ter- 
minated by a strong grappling hook and long flexible 
setae. The larvae are apneustic and hve submerged. 


breathing, in most cases, by means of filamentous tracheal gills. The 
latter are arranged in segmental groups which aure commonly disposed in 
dorsal, lateral, and ventral 


series along either side of 


the abdomen. Gills are 
wanting in newly hatched 
larvae and are not acquired 
until the first or second in- 
star. More rarely gills are 
absent throughout life and 
respiration is cutaneous : in 
some genera a tuft of anal 
blood gills is present. Most 
case-bearing larvae bear a 
delicate longitudinal cuti- 
cuUr fold on either side of the 



abdomen : it is beset with 
fine hairs and is known as 
the lateral line. 

Trichopterous larvae are 
divisible into two general 
tsrpes. In the first type 
(erudform larva of Ulmer) 
the head is inclined at a 



Fig 4J1 — Trichop JERQUE Larva 

A, Emtiform or case*bcannj? type B, Campodeoid or non- 
case’bearuig ag, anal gills, aPt abdominal papillae, E, lateral 
Ime; tK terminal hooks 


saarked angle with the rest 

of ^e body. Such larvae are cylindrical in form and construct portable 
Papilla are developed on the first abdominal segment and the 
lateral line and tracheal g^ are preset. In the second Qqpe of larva 
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^esmpodeoid lam of Ulmoi) the body is OQinpi>essed and the head not 
indined at an angle. These larvae seldom constnict transptNrtable 
and both the lateral line and abdominal papillae are wanting ; tracheal 
are sddom present. 

The digestive system in Trichopterous larvae forms a straight tube from 
the mouth to the anus (vide Betton, 1902 ; Russ, 1908). The oesophagus 
leads into a muscular crop which is followed by the stomach : the latter 
is the most extensive region of the gut and extends from the metathorax 
into the 6tli abdominal segment. The hind intestine is extremely sh<xt 
and is divided into two succe.ssive, more or less globular cham^rs : six 
Malpighian tubes are present. There are two pairs of salivary glands 
belonging to the mandibular and maxil- 
lary segments respectively (vide Lucas. 

1893) : a pair of silk glands open on to 
the labium and these alone pcisist in the 
imago, becoming modified during pupa- 
tion into salivary glands. According to 
Gilson (1894) the silk glands and associ- 
ated structures closely resemble those of 
Lepidoptcrous larvae and the silk is pro- 
duced in a similar manner. Metameric 
thoracic glands, known as Gilson’s 
glamds, occur in many larvae (vide Hen- 
seval, 1896). In Phry^anea they taike 
the form of a pair of branched tubes in 
each segment of the thorax : the ducts of 
a pair unite and open by means of a 
■cannula-like papilla on the mid-ventral 
line of their segment (Fig. 4x2). In 
LiwrWphilus there is a single pair of 
unbranched glands in the prothorax, 
those of the other segments being want- 
ing. The thoracic glands have been 
variously homologized with coxal glands 
and with nephridia; functionally they 
are regarded as being accessory organs 
ci excretion. The nervous system is 
very simple ; there are 3 thoracic ganglia 
and 6 to 8 ganglia are mentioned as 
being found in the abdominal nerve 
cord. 



Fig 412. — ^Thoracic Glands (G*-G*) 
OF THE Larva of PanraASMA 

QRANDia, 

sg, silk gland ; m, muscles , oe, oesophagus ; md, 
mandibles After Gilson, Joum Lmn Soe, 35, 


Two distinct types of pupal shelter are prevalent. Befdre pupation 
a case-bearing larva shortens its habitation when necessary and fixes it 
to some object in the water. A silken wall is constructed across either 
end and the.se partitions are sometimes strengthened by the addition of 
minute stones or plant fragments. Due provision is always made for the 
ingress and egress of the water. The pupa lies free within the case, no 
cocoon being formed. Most caseless larvx {Rhyacophila, etc.) construct 
Jtpedal pup^ shelters which take the form of oval cavem-like stnictures 
ccmstructcd of small stones, sand or other particles. The pupae in these 
, aa$tances are enclosed in brownish cocoons. 

> ‘ ' A Trichopterous pupa breathes by means of the persistent larval gills 
. through the gener^ body surface. It is provided with strong maadwks 



trfbibft idid tised ioar W t ^ tt tliv duoi to oHd# ot tlko OttOa tnwbut 

tlM il9tnoa$dte» prior to uia emeiigeocse ot the ima^^ The entotuMB. emgik-' ' 
IPlI Ns^ ere quite free £rom the body, end the abdomen is armed with 
dmstd crochets or spines which enable the pupa to work its way out of ito 
hatdtation. When the time for the emergence of the imago approachee^ 
the pupa makes an upward passage through the water either by cxawliz^ ' 
or by swimming. In the former method the legs are clawed and the pu^ 
is enabled to cling to vegetation or other objects. In the case of swimming ' 
pupse a degree of mobility is exhibited which is not attained by the pr^ 
of any other insects. The middle pair of legs form oars and are provided 
with hair fringes adapting them to that usage. In some species ^e pupn 
are able to swim freely about at the surface until they find suitable objectt ; 
to crawl out upon : with the inhabitants of swift streams the imago emoged ^ 
almost as soon as the pupa reaches the surface. 

Certain of the more important features in the biology of the different 
famihes may be stunmanzed as follows : — 

A. Larvae of the first type (eruclform) 

♦ 

FHRYGANEiDJF.— Larvae mostly in standing water. Cases long and 
cylindrical, formed of fragments of leaves or fibres arranged in a spiral 
manner, and open at both ends. 

MOLANKii>J£.— Larvae in ponds, lakes, or streams, living in shield* 
like or conical cases composed of sand particles. 

LEPTOCERID.® — Larvae in standing or running water, living in straight 
or slightly curved cylindrical cases of fine sand, vegetable debris, etc, 

ODONTOCERID.E. — ^Larvae in moimtain streams, living in slightly curved 
cylindrical cases of sand. Hmd extremity of case closed by a blackish, 
membrane with a central slit ; before pupation the mouth is closed by a 
single stone. 

LiMNOPHiLiD.®. — Larvae of varied habits, living in both standing and 
runnmg water. Cases of sand, sticks, leaves, or shells, or of a mixture of 
several materials. 

SERicosTOMATiD£. — Laxvae chiefly in runnmg water : in cases of saaidi 
or stones. 


B. Larvae of the second type (campodeoid) V 

RHYACOPHIUD.S. — ^Larvae in swiftly flowing water : those of RhyaeopJ^M 
live free beneath stones and are often provided with tracheal gills. , 
Glassosoma gills are wanting and the hu^ae live in transportable cas^'w 
small stones. The pupae in this family are aiclosed in cocoons proteci^ 
hy a i^elter composed of gravel or sand particles. : , ; • ^ 

SYDROPTiUDf. — ^Larvae devoid of tracheal gills and living in stani^^ 
,<» ffovring water. Their cases are transportable, usually more 
se^4ike, sometimes with sand or plant {xurtides attached. 

POLYCENTROPID*, PSYCHOMYmfi, HYDROPSYCHUJiiBi^' 

ip fhese famihes the larvae hve in silken non-portable, retreats. Tracb^ 
:Jpl8.ai?e wanting, but anal blood gills are commonly present. Certain ^ 
larvae are camivoroi^ and construct silken snares to secure 
Sis^. The pupae are larotected by cavem-like dieltera composed oi 
p-iJltoid particles. ' 

:■' • ' „ } . . 

;’.j 'IHWOg: the chief writings on the metamco^toses of Trichoptera ^ 
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{Htpen by Klapalek (x889^3), Ulmer (1903), Tbienemann <X9c^), Silt^k 
1x907), Lttbben (1908), and Lestage (1921). The tables giv^ by Ulmer 
(1909) for the identification of the larvae and pupae are particularly 

Glassificatioii.— The following key to the families is adapted from 
Ulmer (1909) : the small family Calamoceratidae is not included and is 
tmreprescnted in the British Isles. 

I (a). — ^Minute species with long wing fringes : anterior wings 
closely covered with projecting clubbed hairs. 

Antennae not longer than fore-wings: maxillary 
palpi 5-jointed in both sexes. 

s (1). — ^Seldom nunute species with the wmg fnnges shorter 
than width of wmg : anterior wmgs without or with 
solitary thickened projectmg hairs. Antennae usually 
longer than fore-wmgs : maxillary palpi variable. 

3 (24). — ^Maxillary palpi 5-jomted. 

4 (iz). — ^Last jomt of maxillary palpi ringed, flexible, usually 

much longer than the rest. 

5 (6). — Ocelli present. 

6 (5). — Ocelli absent. 

7 (8). — ^Antenor tibiae with 3 spurs. 

8 (7). — ^Anterior tibiae with 2 spurs. 
g (10). — Ri+* forked in both wings. 

xo (9) — fused in both wings 

ZX (4). — ^Last jomt of maxillary palpi not ringed, rarely flexible, 
su^equal to other jomts. 

X2 (X7). — Ocelli present. 

13 (X4), — ^Anterior tibiae with x or no spur : middle tibiae with 2 limnophilida 
or 3 spurs. (females) 

X4 (x3). — ^Anterior tibiae with 2 or 3 spurs : middle tibiae with 4 
spurs. 

15 (16). — ^Two basal jomts of maxillary palpi short and thick, 

third jomt much longer and thmner rhyacophilid.* 

x6 (15). — Second jomt of maxillary palpi much larger than first, phryganeidak 

(females) 

t7 (12). — Ocelli absent. 

x8 (19). — ^Discoidal cell absent m both wmgs. molannid-® 

19 (x8). — ^Discoidal cell present m fore-wmg. 

20 (2x). — Only upper branch of Rs forked. leptoceridje 

21 (20). — ^Both branches of Rs forked. 

22 (23). — Cross-vem between Rj and R* m fore-wing : antennae 

much longer than fore-wmg. ODONTOCERiDis 

23 (22). — 'No cross-vem as m 22 : antennae not much longer than slricostomatioa 

fore-wmg. (females) 

24 (3). — ^Maxillary palpi with less than 5 jomts. 

25 (26). — ^MaxiUaxy palpi 4-jomted : oceUi present. phryganeida 

(males) 

26 [25). — ^Maxillary palpi 2- or 3-jomted. 

27 (28) — ^Maxillary i>alpi scarcely pubescent: ocelli present: limnophiudai 

anterior tibiae at most with one spur. (males) 

28 (27). — ^Maxillary palpi very pubescent : ocelli absent : anterior SERicosTOMATiDAi 

tibiae with 2 spurs. (males) 
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Order i8. LEPIDOPTERA (Butterflies and Moths) 


I HSECTS WITH TWO PAIRS OF MEMBRANOUS WINGS ; CROSS-VEINS FEW 
IN NUMBER. THE BODY, WINGS, AND APPENDAGES CLOTHED WITH 
BROAD SCALES. MANDIBLES ALMOST ALWAYS VESTIGIAL OR ABSENT. 
AND THE PRINCIPAL MOUTH-PARTS GENERALLY REPRESENTED BY A SUCTORIAL 
PROBOSCIS FORMED BY THE MAXILL£. METAMORPHOSIS COMPLETE. | LARVB 
ERUCIFORM, PERIPNEUSTIC, FREQUENTLY WITH EIGHT PAIRS OR LIMBS. 
fVfM USUALLY MORE OR LESS OBTECT, AND GENERALLY ENCLOSED IN A 
COCOON OR AN EARTHEN CELL : WING TRACHEATION COMPLETE. 1 

Lepidoptera are the most familiar and easily recogmzable of all msects, 
and it is m this order that coloration has reached the highest degree of 
i^jecialization These insects have always been popular objects for study, 
and probably not far below 100,000 species have been descnbed. Staudinger 
and Rebel (1901) enumerated over 9,500 palsarctic species which are repre- 
sented by more than 2,000 in the British Isles 

On the whole the imagines exhibit a remarkable constancy as regards 
their fundamental structure, and this uniformity has led to great difficulties 
in evolving a division of the order into major groups for classifi^atory 
purposes. On the otho: hand, the more supe^aal or adaptive characters 
exhibit almost endless variation in the larvse. As might be anticipated 
tram this structural similanty, the habits of these insects are remarkably 
uniform. The imagines live entirdy upon the juices of flowers, over- 
ripe fruit, honey-dew and other hquid substances : in a considerable number 
pf species the mouth-parts have atrophied. The larvs possess masticatory 
taouth-parts and differ from those of other orders in feeding, with but 
few exceptions, entirely upon phanerogamic plants. 

Economically Lepidoptera are of a great importance in the larva 
Atflge. The majority of injurious species devour the fohage and shoots 
trees and crops ; a smaller number bore into the stems or attack under- 
ground parts, and several species are injurious to timber ; others attack 
manufactured goods such as carpets, clothing and their like, while a few 
jam extremdy destructive to stored products, including grain, flour, etc. 
Sfi^eral jnedaceous ^pedes are enemies of Tachafiia lacca, and are thereby 
' ^^jurious to lac cultivation, and one or two species live in bee-hives, des- 
troying and fouling the combs. The Saturniids and Bombyx tnori, on 
o^er hand, confer a direct braiefit upon man from the fact that they 
'yield silk of commercial value. 

, Among the more recent general works on the ordor are those of Seeta 


y (ed by Wagner (19x1, etc.) and those of the patearctic region by Staudinger 

i * t ReN (1901). The lead% treatises on the British species are those Of 

I isyikk (1895), Barrett (1893-190J') and Tutt {1890-1909). The wwk 
me last-mentioned auflior ccmtains a great ded of biological infimfra^ 
Out was not conopleted. Works on the Papihosuaa are paitioMr 



jli^ <K}ier writers ; ^tose ci N<prtii America by l^waMs (xS^iiy) mA 
Soxider (1888^9), both works also cofitaioing taxtich general Morumtiocu 
Among others, the “ Biologia Central! Americana," volumes by Bin^aai! , 
and by Moore on the oriental species, by Distant cm those of Hakysiai 
and Trimen cm those of S. Afnca, are important 


The Egg 

The eggs of Lepidoptera (vide Tutt, 1899) are roughly divisible into 
two forms (1) ovoid or flattened, with the long axis horizontal: in 
this type the ^ell is usually only ornamented with rough pittings and 
rarely with longitudinal nbs, (2) upright and either fusiform, sphericid 
or hemispherical, with the axes either equal, or the vertical axis the longest. 
The ornamentation is usually more complex and often exhibits a cell*Hfce 
structure divided by longitudinal ribs. 

The mtcropyle is usually placed in a slight depression at one extremity 
of the horizontal axis of an ovoid type of egg, and at the summit in the 
upright form. It consists of a number of minute radiating microscopic 
canals by means of which the spermatozoa gain access into the interior of 
the egg. 

The average number of eggs laid by many species is high, sometimes 
exceeding 1,000 {Agrohs fimbna, Zeuzera Pynna), and they are deposited 
m a great variety of ways and positions. Certain Hepialids, and also 
Charteas gratntnts, drop their eggs at random among the herbage on which 
the larvse feed. Others, such as Malacosoma neustria and Antsopier^x 
ascularta, deposit them in orderly necklace-hke rings around the twigs of 
their respective food-plants Certain Geometridae lay them in imbricate 
groups, while the Adelids are provided with a complex cutting apparatus . 
with which they excise pockets in a leaf. The duration of the egg stage 
is subject to great variation ' in Acidalta vtrgularia it may be as 
as two days, but for species which hatch out during the year of deposition 
XO-30 days may be taken as the usual developmental period A number 
of species hibernate in this stage, which is then often of longer duration 
than the combined larval, pupd, and imaginal penods. 

The Larva 

Lepidopterous lafvas have a well-developed head, 3 thoracic and XO 
evident abdominal segments. Nine pairs of spiracles, borne respectivd^ 
on the prothoracic and first 8 abdominal s^ments, are present. In tbb 
head (Figs. 4x3. 4x4) the median epicranial suture is well devdoped and' 
the frons is usually represented by a pair of narrow oblique plates termc^^^ 
the ad/rontals. Both dypeus and labrum are evident and the typical nnniK* 
ber d ocdli is 6 which are situated just bdhuid, and a little above, the 
bases of the short 3-jointed antennae. The mandibles are powerful and 
adapted for mastication ; in sap-feeding larvae, however, th^ are coil^ 
oen^ with the laceration of tissues and may even be wanting (PAyfloOK 
adsHs). The maxilla consists of a cardo and stipes ; there is usually a sh^ 
pAaudllary lobe and the palpi are 2- or 3-jointed organs. The ven^ xeglim 
hil( die head, between the proximal portions of the maxillae, is occnjiied hy, ’ 
latniun. The mentum is relativdy very large and lig^dy cfaitiniaAd i 
is usually divided into a pair ci triangular sderites. 
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the jmmmtumcatiies ft ilnedian process or The labial palpi 

hsaaiUy each consist of a {nincipal <y}indrical joint and a nunute apkal 
johit. On the oral surface of the labium is a 
median pad or hypopharynx. Paired lobes, 

DVhich have been mteipreted as superhnguse, 
overlie the sides of the h3^ophaiynx and have 
been recognized in Mnetnontca by Busck and 
Bdving (1914), and by De Gryse (1915) and 
Heiimch (1918) in other lepidopterous larvae 
The Utorax cames a pair of legs on eauh seg- 
ment ; these are 5-]omted and the terminal ]omt 
or tarsus is provided with a single curved claw. 

The abdomen commonly bears five pairs of so- 
cadled " prolegs ” which are present on segments 
3 to 6 and on 10: the first 4 pairs may be 
termed the abdommal feet and remammg pair 
the claspers. A t3^ical abdommal leg is a fleshy, 
more or less comcal, retractile projection whose 
apex or pianta is rounded or flat The latter is 
provided with a senes of hooks or crochets 
which aid the larvx m locomotion, and to the centre of the pianta is 
attached a muscle by means of which it can be completely mverted 



Fig 

»fjMi Front. 

Head or 
Larva 

a, antaaa ad adb^tal aderitea 
or frons / clypeuB 
plate , I labrum 



414. — Bombtx Mom, — Structural Dbtaxls of Larva in xst Instar (Bivoltinb JaF- 
ANE8B Racb) 1, Portion of Eficranium with Ocblli s, 3, Diffbrbnt Aspects 
OF Antbnna 4» Distal Portion of Antenna morb bxgblv Magnified. 5, Labrum 
(dorsal) 6, Labrum (ventral) 7, Mandible (dorsal) B, Mandible (ventral) 

9, UAiClLLM AND LaBIUM (VBNTRAL). 10, MaXILLA (DORSAL) 


Cf caxGo ; U, ptementum . IM, maxillary lobe , ML mentum . N. ^piger , P, matUlary palp , 
aobinmital iderites; S, atipea; $P, s^aneret Aft$r Grandi, Sou Lob Zobl PotUct, xpaa. 


PL, laMal 


yim arrangement erf the crochets is divose and the variations jnesent 
SjnStird important classificatory diaracters (Fig. 4x5). 
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la tiie detailed etiidiea ol Frackor (19x5) the fdOowUif tenuikcd^ ia adopted 
witii teheteace to the anangemeot of the ciochets. lo the swat generaliced fonaa 
die ]^aata bean a ccnaplete circle of well-developed hooka, aarrounded by aeveral 
cttcles of amaller ones. This arrangement is a muUtsmal cwcle and is found in die 
Hepialida, Hyponomuta, etc. When the crochets are absent from die mesial and 
lateral pa^ of the circle, as m Adela, two transverse muUtsmal bands are formed. 
Vfbsn ue outer circles of smaller cro<^ets disappear we get a untsmal ctrcle. The 
latter occasionally has crochets of uniform length («M«)>'dtMa/),but more usually they 
are of two lengths altematmg {btordtnal). Vihsn a portion of a unisenal circle is 
wanting, and the remamder is more than a semicircle m extent, we get a peneUtpst 
as in Ae Psychids ; the gap, moreover, is variable m position. Frequendy more 
than half the circle may be a^nt, and a mososertes results, as m nearly aU the hig^to 
Lepidoptera exceptmg the Hesperiads. 


In the early 
many Noctuee 


Departures from the usual number of abdominal limbs are the rule in 
certain families. Thus in the Geometridse they are generally present 

only on the 6th and zoth 
segments, 
instars of 

the abdominal feet on the 
3rd and 4th segments axe 
rudimentary, and the 
method of progression re- 
sembles that of Geometrid 
larvae : the limbs of those 
segments generally attain 
their full development in 
a later instar. In the 
Plusiinae amd several otho* 
sub-families, however, 
they are permanaitly 
absent and the looping 
habit is maintained 
throughout life. Larvae 
of the Micropkryx are 
exceptionad in possessing 
8 pairs of abdominad 
limbs. At the opposite 
extreme are certadn leaf- 
mining larvae, including those of PhyUocnisHs and Eriocrania, which arb 
totally apodous. 

The armature of the body consists of simple hairs or setae, tubercles 
of various types, and verrttca: the latter are somewhat elevated por- 
tions of the cuticle beairing tufts of setae. More rarely the body-wall is 
produced into spinous processes or scoH as in the Satumiidae, or into a 
median dorsal horn ais in the Sphingidae : other modifications are dealt 
with under the respective families. The setae aure arranged in a definite 
mann^, and have been extensively studied by Dyar (1894) and FradEOr 
(19x5). According to the latter author, the setae arrangement of the body 
segments has beoi derived from a common ancestral type which included 
12 primary setae to each s^ptnent. These primary setae are usually retained 
in the first instar, but undergo subsequent modifications which afiEcsrd 
important taxonomic characters. 

Repugnatorial glands are a common feature and there is an extensive 
literature on the subject. In the Papilionidae there occur very characteristic 
txgans known as osmeUria. An osmeterium consists of a bifurcate pro. 



a, multiserial ctrde, b, transverse multiserial bands, e, transverse 
nnisenal bands, d, biordinal unisenal circle, e, penellipse, /, biordinal 
Adapted from Fracker, 19x5 
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««« udiiiAi m ihtem oak mao^ « IBt In lb« v«i woHne nt^Mt 
1 N(Mu 4 ea n distinct odoqr varying accoording to 1^ apivam and In amk 
'tarn is extremely disagreeable. In many larvae, kiclttding those at tbe 
Ihmtdialidae, certain Noctmdae and Notodontidae a ventral defensive 
gjand is present in the form of an internal sac opening on to the prothcNrade 
stemnm, and is capable of discharging a jet of ^ray. In the Lymantriidie 
a pair of eversible glands is present on the dorsum of the 6th and yth abdom* 
inal segments. In many Lyesenidae also there is a dorsal gland on the 7^ 
abdmninal segment, its presence being indicated by a transverse slit throng 
which a minute globular vesicle may be protruded. In the Megalopygidte 
there are lateral abdominal glands permanently everted, and metameriC' 
ally arranged (Packard). Many larvae obtain protection through the pos* 
session of urticcAing hairs which bristle with minute lateral points. Whether 
their irritating properties are due to mechanical action alone, or tolthe pres* 
ence of a poisonous secretion, has not been satisfactorily aseWtained. 
these xirticating hairs are known to most entomologists who hav»handled 
larvae pertaining to the Lymantriidae, Lasiocampidae or Arctiidaa. Such 
Structures evidently produce marked irritation if they come into\contact 
with the epithehal lining of the digestive tracts of an insectivorous bird 
or mamm^. Glandular hairs are present in some larvae and ta^e the 
form of hollow, smooth setae. Being filled with a poisonous secretion 
and extremely liable to fracture, they are capable of causing great imta* 
tion amd smartmg when a krva bearing such setae is handled In certaun 
Megalopygidae these setae are developed into spines and, according to 
Paxikard, the secretion is formed in specialized h3^odermal cells situated 
At their bases. 

A very large number of larvae obtain protection by other means which 
may be grouped under three chief hea(fings (i) Concealment. This is 
evident in case-bearers such ais Coleophora, the Psychidae, etc., while in 
ifepticula, LiihocoUetts, and other Tineina, the larvae are leaf-miners, and 
in numerous Tortricidae th^ are leaf-rollers. Others construct silken 
Milleries or spin together adjacent leaves as in Gelechia, Pyrameis, and 
Orepana ; in certain Lymantriidae, and species of Hyponomeuta, the larvae 
live gregariously in dense silken webs. (2) Protective resemblance. This 
axtensive subject has received a good deal of attention from Poulton and 
Ofher observers. Protection is attained owing to the remarkable resem- 
hiaiice which many larvae exhibit to portions of their food-plant, or other 
''idajccts in their immediate environment. Perhaps the most striking 
’ mst^ces are afforded by Geometrid larvae which bear such a dose resem1> 
to twigs as to render detection often a matter of very great difficulty. 

! , Jhe fully-grown larva of Siauropusfagi resemblesa withered and irregularly 
, HmUd-ap leaf of its food-plant (Fagus). Tutt (1899) states that the larva 
i 0 SmmniJms ocellatus boars a remarkable resemblance to a curled apple 
its lateral stripes giving an idea of light and shadow on the supposed 
The larva of Anaria myrtiUi with its intricate green pattern is har^ 
ible while resting on a tw^ of heather. A very long list of 
ces of protective resemblance might be drawn up, and the pheno* 
has probably been induced in the first instance by the presence of 
'lyll in the food*plants, derivatives of which are utili^ in 
coloration. In certain cases the experiments of Poulton tend to 
that larval coloration may be due to " phytoscopic.” rather duto 
ihagic influences, in otfa« words, it is tbs supexfidal cotoor d h 
example, rather than its pigmentary substan^ that fwac^kMt 0 




M in ptoittdof Mtia^ d ctdiqitvtiokt tmdier ntyiag ttvkm* 

ijtiiiktti} tfcniditiotiB. La^ of Catoeata, nAou eubjected to gf^ sunooad- 
jll|^ become b}iti8h<gieM, and in a daibly-colonred environment becwne 
blxti^-grey. Similarly it has been found that those of Rumia luUMa 
end other Geometridae tend to exhibit responses of a like nature. We are 
unacquainted with the mechanism that produces this result, but it is sug- 
gested by Poulton that the reflection of hght, from the imm^ate environ- 
ment of a susceptible larva, produces a nervous response resulting in a 
physiological dbange in the accumulation of pigment within the hypodennis. 
U addition to the writings of this authority an admirable discussion of 
the subject is given by Tutt (1899). (3) Warning coloration. This is 
evident in striking colours or patterns which readily catch the eye and 
their possessors usually feed openly and are distasteful to insectivorous 
vertebrates. 

It has already been mentioned that Lepidopterous larvae feed almost 
entirely upon Phanerogamic plants. There is probably not a single family 
of the latter that is not resorted to by one or more species of these insects. 
In N. America Scudder states that 52 families are represented in the food- 
plants of butterflies alone. Exceptions to the habit of feeding upon 
Phanerogamic plants do occur, but they are not numerous ; references 
thereto will be found in the sections devoted to the Noctuidae and Tineina. 

The numbffl" of ecdyses passed through varies greatly in different species 
and, in some mstances, even withm the limits of a single species. Edwards 
{Psyche, 1880) finds that four moults is the usual number in N. American 
butterflies, with an additional moult in hibernating larvae. Buckler records 
nine moults in Nola centonahs, while in Acronycta five is the usual number ; 
Gosse (EtUotn. 1880} finds the same in Attacm atlas, and Soule {Psyche, 
7, p. 191) records a similar number in other Lepidoptera. Species of 
Smmnihus undergo three or four moults, Sphtnx hgustri six, and three 
occur in CaUosamia promethea. Arctta caia, on the other hand, may moult 
seven times — ^four before hibernation and three after ; the number, however, 
varies between five and eight (Tutt). In a few cases a sexual difference 
has been noted, the female k^a undergoing one more moult than the 
male, as in Orgyia. Chapman observes {Ent. Month Mag. 23) that, in 
0 . antiqua, larvae which moult three times produce males, those which 
moult five times produce females, amd those which moult four times give 
rise to imagines of both sexes. 

The Internal Anatomy of Lepidopterous larvae is relatively simple. 
The digestive canal is a straight or almost straight tube, from the mouth to 
fhe anus (Fig. 416). The oesophagus is short and frequently enlarged pos- 
teriorly (in the mesothorax). The stomach is a tube of wide calibre, ex- 
tending to the hind margin of the 6th abdominal segment or to the middle 
of the 7th segment, and is lined by a peritrophic membrane. It is provided 
with conspicuous muscle bands and, in Protoparce for example, its waQs 
ate transversely constricted by means of the circular fibres and further 
^ded by six bands of longitudinal muscles. Enteric coeca are rarO, 
but in some species small diverticula are present near the anterior md 
of the stomach. The hind intestine is always extremely short and devoid 
of convolutions : in some cases it is divisible into three more or less globular 

S bers separated by constrictions and probably corre^nding to the 
, colon and rectum. In other krvse two dilatations (colon and reo* 
onfy are juesent, while in further examples the hind-gut consisfiai 
UfA H^le Iwrge diamber (vide Bordas, 1911). With very few exceptions, 
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six Malpi^^iian tubes are present, and they open, on dther side, by means 
of a common duct into a small excretory Camber commimicating with 
the_ hind-intestine. The common duct bifurcates and one branch sub- 
divides, thus giving rise to three tubes to a side. The silk glands are the 
mcfit conspicuous appendages of the digestive systwn (Fig. 417). Morpho- 
logically they are labial glands homologous with the true salivary glands 
of other insects. Each gland is in the form of an elongate cylindrical tube 
of exceedingly variable length, 
and it hes partly at the side of 
and partly beneath the diges- 
tive canal. These glands are 
longest in the Satumiidae and 
Bombycidae : thus in Telea 
polyphemus they measure about 
seven times the length of the 
body and are complexly folded, 
while in Bombyx mon they are 
four times the body length, and 
folded so as to envelop the 
hinder region of the gut. An- 
teriorly, each gland is pro- 
longed to form a duct, and the 
two latter converge and unite 
to open at the apex of a median 
cylindncal organ known as the 
spinneret. The morphology of 
this structure has not been 
satisfactorily ascertamed, but 
it appears to be the highly 
modified hgula It will be re- 
called that the labial glands of 
insects normally open on the 
hypopharynx, but in Lepidop- 
terous larvae their aperture has 
been carried beyond that organ 
on to the anterior margin of 
the labium. Histologically, 
silk glamds consist of a single 
layer of extraordinarily large 
secretory cells disposed around 
a central cavity. The cells 
have large characteristically 
branched nuclei, and are 
limited exteriorly by a peri- 
toneal membrane: internally 
the gland cavity is lined by chitin, ^irally thickened as in tracheae. 
The si^ ducts possess the same essential Otology as the glan^, tot 
^e epithelial cells are more flattened, and the diitinous lining is closely 
todated radially (Fig. 155). The spinning apparatus is divisible into 
two portions, a hinder part, or thread-press, and an anterior ^vision 
Jkhown as the dtrecting tube. The fluid alk passes into the press which-is 
jHIWvaded with three pairs of muscles. Action of the latter forces the silk 
jigfa the directing tube, very much as wire is made 1^ molten iron 
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Fig, 416.— Alimentary Canal of Larva of 1 , 
AcMMKojfTJA ATBOPoa; II, SpiiosoMA fouatvoaA. 

Ft fore*mtestiiie ; H, hiod-mtestine , L, dorsal longitudinal 
muscle band, JIf , nud-mtestine ; Afr, malpighian tubes; 12, rao* 
turn ; U, excretory chamber After Bordas, xpzz. 
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being diivea through an iron plate, perforated by two fine holes (Packard). 
TIk mtire spinning apparatus lies within the spinneret, and the thread 
as it issues from the aperture of the latter is in the form of a double ribbon* 
like band. Associated with the silk glands in most species is a pair of 
accessory glands, often improperly termed Filippi’s glands, notwithstanding 
the fact that th^ were recognized by Lyonnet so long ago as 1762 (Bordas). 
They are paired organs, often voluminous, and each opens by a separate 
duct into the silk duct of its side. In Arctia caia and Cydia pomoneUa 
they are rudimentary, and reduced to a group of follicles surrounding the 
silk duct. Among the Sphingidae they are also rudimentary or entirely 
absent. The function of these glands is to secrete a substance of a liquid 
or viscid nature which enables the two threads to adhere and, at the same 

time, facilitates the process of hardening. 
Mandibular glands (Fig. 153) are present 
in almost all Lepidopterous larvae, and 
are situated in the thorax one on either 
side of the fore-intestine. They com- 
municate with the buccal cavity by 
means of a pore placed on the iimer side 
of the base of each mauidible. As a rule 
they are tubular and often of consider- 
able length, but in Papilto aUxenor and 
Siauropus fagt they arc short and sac- 
like. Histologically they consist of the 
same layers as the silk glands and their 
nuclei are lobed or irregular in form. 
Functionally they are sahvary glands 
and, in some cases, according to Bor- 
das, they may exercise a defensive rdle 
also. 

The nervous system is subject to but 
little vanation. In addition to the usual 
cephalic ganglia the central nervous sys- 
Fig. 417—- Spinning Glands with consists of three thoracic and seven 

SMALL ACINOSE ACCESSORY GlaNDS • i.. v j • i f on. 

OF THE Larva of Satvbsia ptm, ®r eight aboommal ganglia. Ihe connec- 
Afttr Boidu, 1910. tives between the meso- and meta- thoracic 

ganglia are, tjqiically, double and widely 
separated, but those uniting the remaining ventral ganglia appear as single 
cords. As a rule, the 7th and 8th abdominal ganglia are intimately united 
owing to the elimination of the coimective between them. In Sphida 
the number of paired nerves arising from the terminal ganglion suggests 
that three or more nerve centres have undergone coalescence (Du Porte) : 
in Cossus the 7th and 8th abdominal ganglia are separate and united by 
a ^ort connective (Brandt). The dorsal vessel extends from the 8th 
abdominal segment into the xst segment, or the commencement of the 
meta^orax, and from there it is continued as the aorta into the head. 
Accorduig to Newport there are nine chambers separated by eight pairs 
of latoal ostia, 'l^e reproductive organs take the form of a pair of small 
ovoid bodies situated in the 5th abdominal segment and in close relation 
with the dorsal vessd on either side. They are present in the newly hatched 
larvae and undergo a certain amount of diflerentiation during later instars. 
The ovaries are slightly larger than the testes and may also be recognized 
hiatoliQigically lay tiw rudiments of ovarioles. 




the Uteimture m ixtpiQopimoHs fanm » veg^ ggpeg w yg : bun * 
Sliitish S|>ecie8 are illustrated by Buckler (x 885 - 99 ), urbile lor the Euivjivhw 
species reference should be made to the work of Hofmaan (1893). Ecit 
a general account of the external structure of the larvae of the order the 
works of Tutt (1899) and Forbes (1910) are useful : for the Papilionina vide 
Scudder (1889). For the larval characteristics of the different familief 
and diagnostic keys, vide Dyar (1894), Forbes (1910) and Fracker (19x5). 
The internal anatomy has been mai^y studied in isolated species, notabl}! 
in Coss«s by Lyonnet (1762), Bomhyx mori by Blanc [Trav. Lab. Soie, 
1889-90) and others, and Protoparce by Peterson (1912). The digestive 
^stem and Malpighian tubes have been extensively studied by Bordai 
(1911) ; and many investigators, more especially Helm (1876), Gilson (1890) 
and Bordas (1910), have devoted attention to the silk and other glands 
The nervous system has been studied by Newport (1832), Branj^t (1879) 
Cattie (1881) and Du Porte (1915). 

The Pupa 

The change from the larva to the pupa usually first becomes\evident 
by cessation of feeding. In many cases the larvae desert the food-plamt 
and wander in search of a suitable site in which to undergo the tiansform- 
ation. The contents of the digestive canal are voided and the larval 
^n loses much of its characteristic colour, becoming darker and wrinkled. 
The body becomes contracted and distended, the h3rpodermis secretes a 
fresh layer of chitm beneath the old cuticle, and eedysis is greatly aided 
by the secretion of the exuvial glands which gradually loosens the two 
layers. When the latter process is complete, dehiscence of the larval 
skjn takes place along the middle of dorsal aspect of the thorax, and the 
exuvia is gradually slipped off from behind, thus liberating the pupa. 
In the majority of species pupation takes place in a cocoon of some de- 
scription, which is constructed by the larva. It may be composed of silk 
as in Bombyddae, Satumiidse, Lasiocampidae, etc. ; or of leaves drawn 
together by a silken mediwork, or of a mixture of silk amd various foreign 
partides. In other cases, as in Dicranura and Cerura, the cocoon is formed 
of gnawed fragments of wood agglutinated together by means of a fluid 
secretion which quickly hardens. Also, in the construction of the earthen 
cells of many Noctuidae the soil particles are cemented together by a fiuid 
secretion, and no silk appears to be utilized. Among the Papilionina the 
pupa is very frequently naked and protectivdy coloured, and suspended 
by the caudal extremity which is hooked on to a snoadl pad of silk : the 
latter, and the silken girdle which is often {iresent, may possibly represent 
'Ae last vestige of a cocoon. The usual division of the body into heaul, 
thorax and abdomen is easily recognized in the pupa and the genoal 
external structure has bear studied by Poulton (18^91), Packard (1895) > 
Chi^nan (1893-96), Mosher (19x6) and others (vide Figs. 203 and 4x8). 

The Head. — ^The vertex forms the dorsal area of the head behind the 
e^crai^ suture while the r^enr anterior to the latter is iiiejr<mto-clypeus> 
In a few genendized forms, however', the Irons and clypeus are sejparatdy 
demarcate. Invaginations of the anterior arms of the tentorium are 
fyidort as small pores or dit-like openings assodat^^ with the lateral 
of the d3q)eas. The Utbnm is usually very distinct but a clgf|WQi> 
jWbaal suture appears sdidom to be develop : in nrany families the latnmin 
latoal projecticars or piUfm and according to Mosher thegiLlire 
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111^%^ (jcMMibiiidu^ la fba jpyffedjdoi and BipidcnoklMu tikdiaite g^na 
lare^ cfvident except among the Homoneora The tyes ate alvi^ 
pMRoinent and are divided into smooth and sculptured portions, the fonner 
being regarded as the true pupal eye. The antema exhibit less marked 
sexual differences than in the imago and, in Satumia pavonia for mcample, 
the pupal differences are extremely small in the two sexes, notwithstand^ 
their ^veigence in the imago. Mandibles are only functional among 
certain of &e Micropterygidse : in Eriocrania th^ are very large and are 
used by the pupa to cut its way through the cocoon. In other families 
they are only represented by small elevated areas. The maxilla are exceed- 
ingly variable, and attain their greatest 



FlO. 4X8. — A, TiNXA PFLUOITELLA, MaLS 
ihiPA, VENTRAL ASPECT (adapted from 
Mosher, X916) B, Pisjus meassipm. 
Terminal Segments of Female Pupa, 
VENTRAL aspect 

0, antoma, a be, aperture of bursa copulatrix; 
OM, anus, ao, aperture of oviduot, e, dypeus, 
aitr* 0 ftt ooxm, 0, eye, /, frons, fu, male genital 
aperture, I, labrum, Ip, labial palp, Igilgt, legs, 
imL mandible, mp, maxillary palp; w, wing, 
8 th to totb abdominal segments 


development in certain Sphingidae 
where their great length is accommo- 
dated by their becoming looped to form 
the familiar “ jug-handle ” appendage. 
MaxtUary palpi are wantmg m certain 
groups, notably in the Cossidae, Hepia- 
hdae and in butterflies labial pdpi 
are visible in many pupse but, in others, 
they are almost entirely concealed by 
the maxillae. 

The Thorax. — ^Thc three segments 
are distinct on the dorsum but ven- 
trally th^are concealed by the appen- 
dages. The anterior pair of wings 
almost entirely conceals the posterior 
pair, except for a narrow strip along 
the dorsal margin of the latter. 
Among the apterous or subapterous 
females of certain genera the pupal 
wings are likewise less developed than 
in the male. In Hybernia defoliaria 
and Nyssia zonana the sexual diverg- 
ence is but httle marked in the pupa, 
although the female imagines are 
almost apterous. In such forms as 
Orgyta, and the Psychidae, the degene- 
ration appears to be sufficiently ancient 
to have caused a corresponding reduc- 
tion of the wings of the female pupae. 
The thoracic spirades consist of a 
single pair placed between the pro- and 
meso- thorax, towards the dorsal aspect. 


The Abdomen. — ^Ten abdominal segments are present and a certmn 


number are always fixed and immovable. The greatest number of ffue 
segments are found in the more generalized forms, thus in Mnmotii&i 
all the s^;ments are movable excepting the last thr^ (Mosher). In the 
Repialidse and Psychidae the xst segment is fixed and s^ments z to 7 
ttU free in the male and 2 to 6 in the female ; in the Cossi(te the first two 


aMominal segments are fixed and consequently the movable segments 
to 7 in the male and 3 to 6 in the female ; in the Noctuidse, Geometrkiae, 
etc., tike only free segments are the 4th, sth and 6th in both 
ipsi, s^hite among certaio of the butterflies all the segments are immov- 
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able. Spiracles are present on tbe first eight segments : the first pair is 
usoaUy covered by the wings and the last pair is vestigial In male pnpK 
the genital aperture is situated on the 9th sternum and in the finale there 
is either a single common aperture on the 8th sternum (10th sternum in 
Microptayx according to Chapman) or, more usually, two apertures which 
are associated with the 8th and 9th sterna. These openings in some cases 
become confluent and represent those of the bursa copulatrix and oviduct 
respectively. The anus is earned on the caudal margin of the loth seg- 
ment, and this somite is produced to form the cremaster, which is the 
homologue of the suranal plate of the larva. It is an organ of attadh- 
ment and exhibits many modifications : it may take the form of a pointed 
spine or of booklets, and the latter may be grouped together, or scattered 
irregularly over the surface of the anal segment. In many of the more 
generalized families the cremaster is absent, while among the bjutteiflies, 
with their suspended pupae, it is particularly well developed. \ 

Internal Structure.— The internal anatomy differs in important 
features both from that of the larva and imago but more closely approaches 
the latter. The digestive system has undergone extensive modifica- 
tions as compau-ed with that of the larva ; the oesophagus is long and 
narrow and the stomach greatly reduced in size. The food-reservoir is 
undeveloped and the hind-intestine less convoluted than in the imago. 
The larval silk glands have atrophied, and the salivary glands of the imago 
replace them. The changes undergone by the nervous system have been 
studied in great detail by Newport, and briefly it may be said that it under- 
goes a gradual process of concentration during about the first 60 hours 
of pupal life. By that time its whole arrangement is very nearly as it 
exists in the imago. The developmental changes undeiigone by the genital 
^tem are dealt with on a later page. 

Types of Pupse and Method of Emergence from the Cocoon. — 
Chapman (1893) divides Lepidopterous pupae into two main groups, the 
Incompletae and Obtectae. The pupa incotnpleta have the appendages 
often partially free aind more than three of the abdominal segments sure 
mobile. Dehiscence is accompanied by the freeing of segments and appen- 
dages previously fixed, and the pupae exhibit considerable power of motion, 
usually emerging from the cocoon to allow of the escape of the imago. 
They are provided with a vauied armature of hooks, processes and spines 
to faicUitate the process. Many species also work their way to the surface 
of the groimd, or to the entrance of the lauval gallery in the case of those 
whose larvae are internal feeders. In the Micropterygidae the pupae have 
a larger number of free segments than in ainy other faunily and are pupa 
libera. Eriocrania, Sahatinca and Mnemonica au*e also unique among 
Lepidoptera in possessing mandibles for cutting through the cocoon. These 
oigans, assisted by the mobility of the abdominal segments, enable the 
pupa to free itself and pass through any superincumbent earth to the 
surface. Most other pupae incompletae possess some kind of hard pmcess 
adapted for tearing op^ the cocoon. This cocoon cutter, as it may be 
tamed, is well seoi in LithocoUttis hamadiyadella and according to PaeWd 
there are rough knobs or slight projections answering the same purpose 
in the Hepialida, Megalopyge, Zewtera and in Daiana. The pupa oliecta 
tiapresent a more highly ^)ecialized type : they are smooth and rounded 
and the only free segments in both sexes are the 4th, 5th and 6th. Dehis* 
cence takes place by an irregular fracture, the pupa rarely emerges hmn 
the cocoon, and a cremaster is generally present. This pupa is tnevideot 
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in aU the higher Leindoptera, and exhibits a hard exterior, the appendages 
bdng aU soldered down to fonn a smooth surface. The areas which are 
bidden are covered by a delicate pellicle and there is no separation of the 
appendages after emergence. Certain species {SaUtmia pavonia, Cheero- 
catnpa eipenor) have retained the habit of pupal emergence, but in other 
fotffls the presence of the cremaster and the reduced mobihty of the abdominal 
s^ments usually preclude it. Many different methods have been adopted 
to allow of the freeing of the imago. These may consist of weak places 
in the cocoon, a particular arrangement of the silk to allow of easy egress 
{Sahtrnia pavonia), a softening fluid applied by the emerging insect (certain 
Satvmuids, Dicranura), provisional imaginal spines (Attacine moths), etc. 



Flo 419 — ^Frontal Vibw of thb 
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After J. B. Smith 


THE IMAGO 

External Anatomy 

THE HEAD (Fig 419). — ^The greater part of the head is formed by the 
epicranium which carries laterally the large globular compound eyes. The 

ocelli are two in number and lie close 
behind the latter : they are seldom con- 
spicuous, and generally much concealed 
by scales or often absent. The - anterior 
region of the head is occupied by the 
fronto-clypeus which is frequently demar- 
cated from the epicranium by means of 
a transverse suture. In a few cases 
{Acherontia according to Berlese) the 
clypeus is separately differentiated from 
the frons as a narrow band-like sclerite. 
The labrum is narrow and pointed in 
Micropteryx and its allies but forms a 
short transverse plate in other Lepidop- 
tcra. It is provided with a small pointed 
median projection which is usually regarded as an extension of the epipharynx. 
Between the fronto-clypeus and the eyes are the narrow genie and, when 
mandibular rudiments are present, they either articulate or fuse with 
&e latter sclerites. The antenme (vide Jordan, Novit. Zool. 5) are com- 
posed of an indefinite number of joints and vary greatly in length and 
structure. In the male they frequently show an increased development 
as compared with the female which is particularly well exhibited in the 
Satumiidse. They are generally scaled dorsaUy and very often ventrally 
also ; in some cases scales are absent as in the Satumiidse and many 
Papilionina. 

MOUTH-PARTS. — ^In the majority of Lepidoptera, mandibles are totally 
wanting and the maxillae are highly modified to form a suctorial proboscis. 
The latter is composed of the two greatly dongated galeae, each being 
ch ann elle d along its inner face, and &e two are held together by means 
of hooks and interlocking spines. In this manner the combined grooves 
form a tube through which liquid food is imbibed. The lacinke are either 
Wtin^ly atrophied or, according to Berlese, rudiments thereof ma^ be 
embi^ed in &e base of the proboscis. When fully developed, the maxillary 
paM are 5- or d-jointed and usually more or less folded, as in the Tineidae ; 
m great majority of Lepidoptera they are dther much reduced or want* 
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' k)g, that funcHons prtsumabiy btfujg zssaitaed 
NoctttkUe they are 2> to 3-jomted ; in tlie ^ i 
most Geometrid® they are single-jointed . /alter, 18841.’ 
la iHsduced to a small plate on the ventral aspect of the mouth : ite pii^ 
tatt normally 3-jointed and vary greatly in size, ^ape md scaling/ A 
Itypopharynx is present on the floor of the mouth and in Danais it i) 
provided with gustatory papill*. 

When not in use the proboscis is spirally coiled and stowed away 
the thorax : it presents an extraordinary variation in length, attain&ig 
its maximum in the Sphin^d®. In Danais, according to Burgess (1880), 
mch half of the proboscis is seen to be composed of an inunense numb^ 
of chitinous rings, which are incomplete since they are absent from its 
inner or grooved aspect. These rings are separated by intervening bands 
of membrane which admit of the spiral coiling of the organ. lEach ring 
is made up of a row of quadrangular plates which are provided with s{^ine- 
Uke processes directed towards the proboscis channel, hence me plates 
are somewhat nail-Uke in form. Scattered over the surface of the probosm, 
and more especially at the apex, are small circular plates each bearmg 
a minute central papilla, which are perhaps tactile in function. Apcordmg 
to Breitenbach they are often developed into denticulate spines which 
enable the proboscis to lacerate the tissues of fruit and imbibe their juices ; 
this condition is particularly well exhibited in Aletia xylina. The interhir 
of each half of the proboscis is hollow and occupied throughout its l^igth 
by a nerve and a trachea, but the bulk of its cavity accommodates two 
sets of muscles which diagonally cross it. From their attachment the 
notion of these muscles would result in shortening the posterior wall of the 
maxilla and produce the spiral coiling of the organ. The method of exten- 
sion of the latter does not appear to be clearly understood, and it has be«o 
variously suggested to take place by means of its own elasticity or by 
^ood pressure. Burgess si^gests that we have failed to interpret some 
muscular mechanism for the purpose. 

In some Lepidoptera {Orgyia, Zeuzera, etc.) the proboscis is reduced and 
non-functional, the two gale® remaining separate ; in m^y others the 

S le® are represented by two minute ^api^ (Hepialus) or entirely atrophied. 

the reduced or atrophied condition it is evident that no food can be 
, imbibed and the mouth may be wanting also (Satumiid®), but the subject 
k in need of fuller investigation. 

The mouth-paxts are exhibited in their most primitive form in Sabatinca (T^. 
yard, 1923) where they are clearly of the mandibnlate rather than the hanstidtate 
type. The mandibles are functional dentate organs, with evident ginglymus and 
condyle, and movable ty means of well developed abductor and adductor mnscleii. 
'n® tna.'irillaR are entirely in conformity with the mandibles : both cardo and 
^ evident, the galea is short and 2-jointed. the laoi^ blade-like, and the palpi, am. 

>' limg and 3-jointed. In the labium, however, there is no ligula and lobes fonnady 
. nffimled as paraglossse are in reality processes of the palpi (Tillyard) : thei b afift 
/awarites are r^resented by a single mental plate. ' The hypopharynx in M. 
k laterally provided with small accessory pieces which are regarded by 
Boving as the saperlingu®. In Eriocrania the mandibles are non-dentats 
'ia Mmrnonica iixey are nnchitinized with the ginglymus and condyle rudimeatti^:. 
that these are true mandibles is afiorded by tire fact that they lie vdmUi;' 
of the pupa. In both the above genera the ladniae are lost, and the-SK- 
f'^^bed g^eae are greatly ehmgated. The terminal joint of the galea of either slfa 
bp'^ikippo^ to that of m feUow, thus exhil^ting the first step m the fornmtiflWi tit 
.Lepidc^teroua proboscis.' In addition to the Micropterygids, vesti^al wfCth 
^iiiies a» stated to bepr^t by .Petersen in Bfpialm'. they Uao occur in var^ 
^vjlkaokls including dfgynidNa, Timta, Tintotx and HypoMmeuto (Waite, 's||p. 
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Amttfinf to IC#9n; {t$9S) te J*re*opi»e» eetraim* oontpicaow xoandlbuUur rwlio 
nMost* ktfO weaeat, w!i^ stnmi^y diitiaized and aliglbtly dttitate at th«ir apiioes. 
ItiiOy i^blafy arise Iroia the gntas and a faint articulating suture is visihle. The 
So<«a2led mandibular rudiments of Donats, and other of the higher Lepidoptera» 
are lateral projections of the labrum and are termed by Kellogg the pilifers : as tiiat 
authority has pomtcd out, both mandibles and pihfers may occur together as in 
Pr^oparce. The maxilbe of Pronttba are exceptional m exhibiting sexual dimorphism : 
in the male they are normal but the galeae are «)uite separate, amd m the female there 
IS an elongate inner lobe often known as the maxillary tentacle. The two latter organs 
are adapted for holdmg a large mass of pollen beneath the head : their morphology 
IS doubtful and it has been suggested that they are the greatly produced palpifers. 

In the THORAX (Fig 420) the prothorax is evident in the lower forms but 
compressed and reduced in all the higher families where it assumes the form 

of a collar. It frequently cames a pair of small 
lateral processes or patagta which axe peculiar to 
Lepidoptera and appear as thm, lobe-hke, erectile 
expansions, well developed in many Noctuidee (e.g. 
Agrotts) . These structures are often confused wim 
tegulae but the latter are never borne on the 
prothorax. The mesothorax is the largest and 
most promment segment of the three; its ter- 
gum consists of a narrow band-hke prescutum, a 
very large, longitudmally divided scutum and a 
well-developed more or less rhomboidal scutel* 
lum. TegulcB are particularly well developed 
and very charactenstic of the order ; each is 
carried on a special tegular plate of the notum 
supported by means of a tegular arm arising 
from the base of the pleural wing process (Snod- 
grass). The metathorax is relatively small as 

FIO 4^o-Dorsal view comp^ed With ^e previous ^ent ; SnodgraM 
or Head and Thorax finds that in Phassus (Hepialidae), however, it 
OF Aoxotis pmoxvma is larger and more hke the mesothorax than is 
(tEFi Teoula rfmoved). usual among the high® msects. In most other 
wiS* prooSi 7 /riron»r«. Lepidoptera it is very much shortened antoo- 

posteriorly and greatly reduced. A post-scutel- 
niS ; **}.°u'n*r*T IS present in both the meso- and meta- 

thorax but largely concealed. 

With regard to the legs a meron is present m rdation with the mesd- 
and meta-thoracic coxx and, as a rule, the coxae have but httle mobility 
upon the pleuron, the principal movement of the base of the leg being 
in the articulation between the coxa and trochanter (Snodgrass). The 
anterior legs exhibit special features m certam famihes of Papilionoidea 
and are reduced and modified so as to become useless for walking, either 
in the male only (Eiycinidae) or in bdth sexes (Nymphahdx). The anterior 
tilde are comparatively short in most Lepidoptera and in certain families 
they are provided on the inner surface with a peculiar lamellate spur (“ 
physis ") which is regarded by Haase as the vestige of an organ formerly 
devdop^ for cleaning the antenne. Frequently in the male the posterior 
iibise (more rarely the middle pair) are provided with an expansile tuft 
hair which is located in a groove and functions as a scent-producn^ 
organ. The tarsi are normally 5-jointed, the first joint bemg much the 
largest and in the males of certam Lycenide it is con^cuously swollen. 
tlV the Pieride the daws are exceptional in being deft or bifid, and among 
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Lycsenidae either one or both claws are wanting in the male, tn the degen- 
erate females of the Psychidse the legs have atrophied. 

WINGS. — ^The most characteristic feature is the covering of overlapping 
scales wluch are, morphologically, flattened and highly modified macro- 
trichia. Transitional stages between the latter and short broad scales are 
readily observable and the identity of the two types of structures is dearly 
established. Thus, in Prototheora Meyr. Tillyard mentions that macro- 
trichia remain in an unmodified condition on the veins. The scales on 
the wing membrane lying closest to the veins are linear and narrow, becom- 
ing diorter and broader the further they are away from a vein. Micro- 
trichia (fixed hairs of Kellogg ; aculei of Busck) are present on the 
wing-membrane in the Homoneura as well as in the more archaic families 
of ^e Heteroneura. 

The innervation of the wings has been studied by Vogel (1911) who 
finds that each wing is supplied by three nerve branches whose fibr^ are 
ultimately distributed to the various sensory organs present. Vogel 
(1912) recognizes four types of the latter, each organ having a seiso^ 
cell at its base. Possibly tactile are sensory scales and set®, while cei^in 




Fig 421.— a, Portion of a Young Pupal Wing of Vansssa antiopa in longitudinal 
SECTION. B, The same of DAifAis pzexippus, about 8 or 9 Days before Emer- 
gence. 

kt hypodenms ; fe , formative cell of scale , I, leucocytes ; bm, basement membrane ; p, processes of hypoderm oellt : 
developing scale. After Mayer, BuU Mus Harvard, z8q6 

papill® suggest, on account of their structure, an orientating function. 
At the bases of the wings are still more problematical structures which 
are termed diordotonal organs and, in some cases, a well developed “ tym- 
panal area ” is associated with them, which suggests that they may have 
some concern with the perception of sound. TTie scales of Lepidoptera 
do not strengthen the wings or aid the insects in flight. The vast majority 
of these structures are simply colour-bearing organs which have been 
developed imder the influence of natural selection. They are secreted by 
evaginated and greatly enlarged hypodermal cells— the formative cells of 
Semper (Fig. 421). Their structure and development have been studied in 
Oopsiderable detail, more especially by Mayer (1896). Each scale is pro- 
*tmed with a short pedied wWch fits into a minute socket in the wing mem- 
brane. In the more primitive forms th^ are irregularly scattered but 
in the Papilionina, for example, a regular arrangement is very noticeable. 
On its ejqposed or outer surface, each scale is ornamented with longitudinal 
ri^es or stria, often with teansverse trabecul® betwem them. These 
ridlges are in the form of longitudinal thickenings of the outer scale-wall, 
fllid thdr jHUsence imparts rigidity very much after the manner of tbe 
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Fig. 


422. — Androconia 
Male Butterflies. 

From Comstock after Kellogg 


OF 


conrugations on a ^eet of roofing iron. In many cases theie strise are 
extremely fine, and Kellogg (1894) found that in a species of Morpho th^ 
are placed from -0007 to 00072 mm. apart, or at the rate of 35,000 to the 

inch, and are responsible for producing beauti- 
ful iridescent colours (vide p. ii). Seen in 
microtome sections scales are greatly flattened 
hollow sacs (Fig. 423) strengthened by minute 
transverse bars. Although they may only 
contain air, in the majority of cases a layer of 
pigment is enclosed between the two walls. 
In surface view they exhibit a wide range of 
variation of both form and sculpturing. In 
the males of various Lepidoptera groups of 
more specialized scales or androconia (plum- 
ules) occur on the upper surface of the wings 
and likewise assume very varied shapes (Fig. 
422). They are found either scattered over 
portions of the wings, or in limited areas such 
as the " brand ” or discal patch of Pamphilus, 
the discal patch of certain Lycaenids, as well 
as on folds of the wings and other situations. 
Physiologically they are scent scales which 
serve as the outlets of odoriferous glands 
(Thomas, Amer. Nat 1893) ; they are often fringed distally, with each tip 
of the fringe finely divided, thus probably ensurmg the ready diffusion of 
the odour so characteristic of many Lepidoptera. 

Among the Danaine butterflies (Nymphalidaj) a glan- 
dular scent patch is present on each hmd-wing and the 
odoriferous secretion is exuded at the surface of the wing 
by means of cuticular “ cups.” These latter are pro- 
vided with a covering membrane pierced in the centre 
by a minute pore. Each cup is protected by a small 
scale differing from normal wing scales in size and shape 
(Eltringham, 1915). In Amauris niavius the insect has 
been observed to brush the odoriferous area with the 
anal tuft of hairs which thus acquires some of the charac- 
teristic odour. Included in the anal tuft are numerous 
ddicate chitinous filamentshaving the property of brew- 
ing up transversely into minute particles thus forming 
a kind of dust which presumably assists in the diffusion 
of the scent. It is noteworthy that Dixey has shown 
that in certain Pierida: an alcoholic extract may be 
made from the wings and it possesses the same odour 
as the species concerned. 

With regard to the venation (Figs. 425, 426) wher- 
ever specialization is evident it has been the result of 
the atrophy or coalescence of veins and not by addition. 

Throughout the order the principal cross veins are few 
in number and vein M. is distally fused with Cui». The 
researches of Tillyard (1919) provide strong evidence 
indicating that lA of Comstock is in reality Cu», a conclusion which has 
been adopted in the present work. One of the most characteristic features 
of the lepidopterous wing is the trigamma or 3-pronged fork, whose prongs 



Fig. 423. — Uppbx 
(i.e. Ex)>osbo) 
Portion of a 
Scale OF Daitais 
haxippob with 
THE Distal Por- 
tion CUT AWAY 
to show the 
Cross Bars : 

ABOVE is seem a 

Scale in Trans- 
verse Section. 

Aflir tUy»T, lot. Ik,, 
1896 
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ane iwresettted by If Cuu, and Cutt, and ipfdtoaa iMae complin tl^e dounfci 
of cell M in' its r^onal eqmvalani. Among the Cossidk the stem 
(chorda of Turner, 1918) divides the cell R mto die basal cell ist R, am 
an apical cell and R (areole of Turner) In the vast majonty of Lepidop- 
tera, however, the stem R4^, has atrophied and also the mam stem M. 
This condition has 


resulted in the for- 
mation of a single 
enormous discal cell 
on account of cells 
R+M-fist Mi thus 
becoming confluent. 

The most pnmi- 
tive type of vena- 
tion is found m the 
family Microptcry- 
gidae of the Homo- 
neura where that of 
both pairs of wings 
is closely alike (Fig 
425) Most of the 
archaic features are 



exhibited m Mnemo- 
ntca Me3nr. m which 
Sc and Ri are separ- 
ate in both pairs of 


Fig 424 — Basai Part of ToRFWtNG of Charaqh (HiPiALioiF) 
SHOWING VfNATION (DOUBLE DOTTED LINCS) AND IrACHEA- 
TION X 4 

After Proc Ltnn Soc NSW 44, pt $ 


Wings, and bifurcated in the forc-wings, Rs is 3-branched m the hind- wings 
and the three branches of Cu are complete In the family Hepialida 


both Sc and Ri, although almost always distinct, are t3^ically un- 


branched and there is 



Flo 425 —Venation of Homoneura (Mjtajtoa/ca sum^ 


a considerable reduc- 
tion or partial atrophy 
of Cui m one or bodi 
pairs of wmgs 

Among the Hetero- 
neura there is a marked 
divergence in the 
venation of the two 
pairs of wmgs, but 
no annectent t3rpe 
has yet been dis- 
covered which serves to 
connect the most primi- 
tive forms with their 
homoneurous ancestors 


Irentilum Adaptad {torn liUytid fme Lum Sot NSV (Fig. 426). The mOSt 

ancient d vena- 
tion is found among the Cossidse (Turner) which, however, exhibits the 
(fliaractenstic heteroneurous features m the hind-wmg, viz : — ^the fusion of 
Sc and R|, the reduction of Rs, and the coalescence of xA and zA As 


vra ascend the l^idopterous series the vein Cu, disai^iears from both paim 
4 i wmgs. 

The mng-coupbim apparatm attains a hi(^ degree of qiedaliaatiqn 



tHE vWHfGS 

$mm$ iMqvs 2898: tgtB). Among 

Homoaeursi twt> distinct types are found, viz: the jugo<frenate and the 
jugatet former method is found in the Microptoygidse and the mechan* 
ian consists of both frenulum and jugum. The frenulum is usually com* 
|>osed of 3 or 4 bristles inserted on the costal border of the hind-iving. Tlie 
]V^m is present on the hind margin of the fore-wing but instead of pass- 
ing backwards beneath the hind-wing, as is usually the case, it is folded 
forwards beneath the fore-wing. The frenulum becomes engaged in the 

space between the jugum and the 
lower membrane of the fore-wing 
and in this manner the two wings of 
a side are held together. In the 
Hepialidse and Prototheoridae the 
frenulum is wanting. The jugum is 
a finger-like process arising from 
the hind margin of the fore-wing 
near the base. It projects weU 
beneath the costa of the hind- 
wing which becomes firmly held in 
the incision between the jugum and 
the hind margin of the fore-wing. 
Among Heteroneura two main types 
of wing-coupling apparatus are also 
evident, viz: — the frenate and the 
ampiexiform. In the frenate type a 
sexual difference is very noticeable ; 
thus in the male the frenulum con- 
sists of a single stout bnstle which, 
however, can be clearly seen to be 
composed of several setae fused to- 
gether; in the female the bristles 
remain separate amd vary from 2 to 
9 in number. In strongly flying 
males the frenulum is often large 
and powerful, while among species 
in which the females are weak fliers 
or fly but little the frenulum is corre- 
spondingly reduced. In both sexes 
it anises from a small swelling at the 
humeral angle of the hind-wing, and 
passes beneath the fore-wing where 
its apex is retadned in position by a 
locking mechanism or retineufuium, 
and in this manner the wings are held together. The retinaculum similarly 
exhibits sexual differences. In the female it is very simi)le, bmg nothing 
more than a group of somewhat stiffened hairs or scales arising in the neigh- 
bourhood of Cuj. In the male it arises near the baise of Sc and consists <h a 
Strong curved chitinous hook developed from the waill of that vein In 
Synemon (Castniidse) both t3rpes of retinaculum are present in the male ; 
the typically male hook-like organ is represented by the overlapping margin 
of a portion of Sc and is therefore less specialized than in other famil^ 



Fxg. 426— Venation of Hetfroneura. 
A, PnjoNoxYstua bomnjas (Cossida). 
After Comstock, Lettenng Modified B, 
PiXRia XRASaiCJK (PlERlDAl). ORIGINAL 


'Cpyard,.on the authority of Turner, states that this double type of retin- 
is widdy spread among the males of many Lepidoptera. In many 


LEPIDOPTERA 

$esiide, in which both sexes are swift fli^, the females exhibit the male 
type of frennlum and possess the hook-like retinaculum. In the amplexiform 

the frenulum is lost, and the two wings of a side are maintained together 
owing to their overlapping to a very considerable degree. This condition 
is met with for example in the Satumiidse, Insiocampidae, and in all the 
families of the Papilionina. The humeral lobe of the hind-wing is enlarged 
and often strengthened by the development of one or more short humeral 
veins, and proj ects far beneath the fore- wing. In the Castniidae both the 
frenulum and humeral lobe are well developed, and from such a condition 
as this it is evident that the amplexiform type may have been derived 
through the loss of the frenulum. The course which necessitated the 
change is obscure but may perhaps be correlated with a change in the 
manner of flight. Intermediates between the above two t3rpes of wing- 
coupling apparatus are to be met with ; thus in Bombyx tnori, the frenulum 
is vestigial and the humeral lobe well developed ; this same condition 
is found among other frenulum-losers such as the Lacosomidae. 

In the females of certain Geometridae and Tineidae and also tho^ of 
the Psychidae, Orgyia, etc., wings are either totally wanting, or reduced 
to small non-functional vestiges. This flightless condition evidently 
confines the females to a great extent to their larval food-plants and it is 
noteworthy that the latter arc almost always very common and generally 
distributed species. The fact that the flightless females of the Geometridae 
and Tineidae belong to forms which occur during the colder months of the 
year has often been commented upon. This peculiarity has been explained 
as being an adaptation to prevent their leaving the food-plant and perishing 
owing to inclement weather. Some other explanation, however, needs 
to be formulated to account for the flightless condition of such eminently 
summer insects as Orgyia and the Psychidae. It appears not unlikely that 
the loss of wings may be a mutation and is not to be accounted for on 
teleological grounds. 

The ABDOMEN consists of ten segments ; the ist segment is reduced 
and its sternum wanting or wholly membranous, the 7th and 8th are some- 
times slightly modified in relation to the genitalia and the 9th and roth 
s^;ments are greatly modified in the latter respect. On either side of 
the metathorax or the base of the abdomen in many Lepidoptera there 
is a complex organ, the tympanum. This structure is well seen in the 
Geometric and appears as a bladder-hke vesicle closely associated 
with the 1st abdominal spiracle of its side and certain of the neighbouring 
tracheal air-sacs. It is innervated from the last thoracic ganglion and, 
from its general structm-e, is presumed to be an auditory organ (Eggers 
19x9: see also p. 94). 

The morphology and nomenclature of the male genitalia have become 
much involved but the work of Zander has contributed towards a better 
understanding of the subject (Fig. 427). The 9th segment or t^umen 
is a narrow ring encircling the apex of the body and its sternal region or 
vinculum is invaginated to form a median saccus which extends into the 
preceding segment. A pair of claspers or valves (harpes of Pierce, harpo- 
gones of White) are hinged to the vinculum and form the most prominent 
m^gans of the external genitalia. The harpes are spine-like structures often 
present in the inner aspect of the claspers. Attached to the hind margin 
of the 9th tergum is a median process or uncus which is usually hook- 
Kke or bifid, and in many Lepidoptera there is a median ventral sclmte 
m 4inathos lying a short distance below it. The uncus and the gnathos 
iMsra usually been regarded as the teigum and st^um of the xoth seg- 
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uient, bot a^rding to 2^der they are secondary processes, ti»e segment 
itself remaining membranous. The anus opens just beneath the uncus 
and between that sclerite and the gnathos. The tedeagus is situated below 
the gnathos and is 
enclosed in a sheath 
and at the point where 
the latter joins the 
body there is a sclero- 
tized support or juxta 
(penis-funnel or ring- 
wall). For further in- 
formation on the male 
genitalia reference 
should be made to the 
writings of Zander 
(1903), Pierce (1909- 
22) and Mehta (Quart. 

Journ. Mic. Sa. 76, 

1933)- 1*1 fbe female 
the terminal segments 
of the abdomen are 



Fig 427 — Diagram of Half Genitalia • Left Sms 
Rfmovld 

A, ^tigus, AN, ^uus C, cldspcr D cjiculatury durt G gnathos, 
^egum^* * JUXta, S, sicrus, TJ, uncus, V, vmculum, IX, gib segment 

sometimes attenuated and telescoped, thus functioning as a retractile 
ovipositor. An exseited sclerotized ovipositor is rarely present (vide 
Wood, Ent Month Mag 189). 


Internal Anatomy 


The DIGESTIVE SYSTEM. — ^The cavity of the proboscis communicates 
with tlie pharynx and we owe to Burgess (1880) an account of the structure 
of the latter organ in Danais. It is an ovoid chamber provided with power- 
ful muscular walls and issuing from between the fibres of tlie latter are 
five radial muscles, which pass outwards to be attached to the head capsule. 
When the latter muscles contract the pharyngeal cavity enlarges and a 
partial vacuum is created ; this becomes filled by an ascent of fluid through 
the proboscis. The walls of the pharynx then contract, thereby forcing 
the food backwards into the oesophagus, and the closure of a pharyngeal 
valve precludes the return flow down the proboscis. The oesophagus 
is a long tube of very narrow calibre and, in the more primitive forms, 
expands distally into a well-developed crop (Homoneura, Cossidae, Psychidse, 
many Tineina, Attacus, Phtgalta). In other species the crop takes the 
form of a lateral dilatation connected with the oesophagus by means of a 
wide-mouthed channel (Adela and other Tineina, Zygaenidse, certain Satur- 
niidae, Ematurga, etc.). In the majonty of Lepidoptera the crop forms a 
large food reservoir connected with the fore-intestine by a short narrow 
duct. The stomach is a straight tube of relatively small capaicity, and the 
hind-intestine consists of a nairrow coiled ileum, a distended chamber or 
colon, amd a short muscular rectum. Salivary glamds tadee the form of 
a long coiled filamentous tube on either side, the silk glands of the larva 
degenerating in the pupa and being no longer evident. The Malpighian 
tubes are six in number, three of a side opening by a common duct into 
the commencement of the ileum. Exceptions are found in certain Tineina 
{Tinea pellioneUa amd T. hisellieUa and Blabopkanes rusticeUa) which pos> 
sess only a single pair, and in Galleria mellonella there are similarly two 
vess^ but eau£ is irregularly ramified (vide Cholodkovsky, 1887). 

T^ MBRVOVS SYSTEM (vide Newport, 1834 ; Brandt. 1879 • Peterson, 





XSgi$ : Buxton, zgt^ exhibits a 43ert9Sn ametlnt of eenoeinintidn 
te^srd to the ganglia of the ventral nerve cord. The most primitive con* 
dttkm is found in Hepiahts in which than are three thoradc and five abdooch 
inal ganglia. In the Micropterygida and also Tinea peUioneUa, Cossm, 
Sesia, Zygeena, Phalera and Ematurga the 4th and 5th abdominaj ganglia 
are fused into a large common cmtre. The majority of Lepidoptera, 
however, are characterized by two thoracic and four abdominal ganglia ; 
those of the meso- and meta-thorax are fused and the abdominal ganglia 
lie in the 2nd to 6th segments The Psychidse are primitive but variable : 
thus Petersen records three thoracic and six abdominal ganglia in the 
female Psyche unicolor Hfm , while in Fumca intermeiia and other species 
there are four abdominal ganglia in both sexes. 

The DORSAL VESSEL has been very httle investigated : Newport states 
that in most Lepidoptera there are eight peiirs of lateral ostia, and m Danats 
Burgess states that slight constnctions ^vide the heart mto a numb^ of 


segments corre- 
sponding to 
those of the 
abdomen. I n 
Protoparce, as 
Brocher has 
pointed out, the 
aorta makes a 
^arp loop in 
the thorax and 
at the apex of 
the bend it is 
connected vuth 
a pulsatile or- 
gan. This con- 
ation is prob- 
ably general but 
it needs further 
research. 

The MALE 
REPRODUCTIVE 
ORGANS (Fig. 

428, A) have 
been studied by 
Cholodkovsky 



Fig 428 — ^Reproductive Organs of Smerintbvb popuu* 


A Mai b om, asdeagus , ag, accessory gland , ed, ejaculatory duct , t, testis , td, VM 
deferens, vs, vesicula scrainihs B, Famale be, bursa copulatriz , eg, colletenal gtuoAi 
od, oviduct , ov, ovary , r, rectum , rs, receptaculum seminis , sd, seminal duct , v, vagina. 


(1884) in many species, and also by Stitz (1900), Petersen (1899) and Ruckes 
(19x9). Typically each testes consists of four folhcles exhibiting vaiying 
degrees of coalescence while among the higher Lepidoptera the two organs 
are intimately fused into a single median gonad. Nematois is exceptional 
in that each gonad consists of twenty follicles. Two principal types of 
reproductive ^^em are distinguishable (i). — ^The testes are pair^ and 
RRCh is enclosed in a separate scrotum. In Hepiahts the folUdes are separ* 
ate and the gonad presents a digitate appearance : this condition is evidently 
^ most primitive found in the order. In other cases the follicles are 


oomprmsed together and surrounded by a common scrotum. This type 
is met with in the Micropterygidse, certain Satumiidae, Bombyx moH, 
.^l^eana arion, Pamassius and a few others (2) .--The testes are fused and 
tJi^O^bsed in a common scrotum ; in some cases the paired nature of ISfit 
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goiafd is stiS evident e in others 3ie loakm b complete, * This t;ype 
n) is the prevalent one, and usually the {oUides are spirally vrouhd 
around the longitudinal axis of the gonad The organs in Sarnia eecfopia 
L. have been studied by Ruckes and m Botn^x mor% by Verson. The testi» 
lie in a dorso-lateral position, close to the alimentary canal and just beneath 
the 5th and 6th abdominal terga. The vasa deferentia are narrow tubes 
whid^ enlarge proximally to form the vesicuke semmales Each receives 
a long filamentous accessory gland but, according to Ruckes, the structure 
of the latter is not markedly glandular, its walls being provided with longi- 
tudinal muscle fibres and it appears probable that Ihe gland serves, along 
with the vesicuke seminales, as a receptacle for storing the spermatoasoa. 
The vesicuke semmales mute to form a common ductus ejaculatonus whic^ 
termmates m a bulbus ejaculatonus at the base of the sedeagus 



The FEMALE REPRODUCTIVE OR- 
GANS (Fig 428, B). Each ovary con- 
sists typically of four poljrtrophic 
ovanoles but a certam number of 
exceptions to this rule are known 
among the lower members of the 
order Thus, there are six ovaiioles 



to each ovary in P^che hehx, 10 to 
12 m Adela, 14 in Sesia scolteefor- 
mts, and 12 to 20 in NetnaUns. Two 
pnncipal tj^es of reproductive sys- 
tem are prevalent (Fig 429). In 
the primitive t3^e {Heptaltda 
Mtcropteryx, Adela, Nepttcula, /«- 
ctirvarta, certam Psychidae, etc.) 
there is a smgle genital aperture on 
the 9th abdonunal sternum whidb 
communicates with a median vesti- 
bule The latter chamber is the 
termmal portion of the common 
oviduct, and receives the duct of 


Flo. 429 — Diagram of trb Morfhology 
OF THE Female Reproductive System in 
A. Micropierygide, etc , B, ParcBizm , 
C, HeiahoaMBA, CahiMAtoau, etc 

a, aperture of oviduct , aj, aperture of bursa , Vl-~ 
IX. 6th to gth abdonunal segments Other lettering 
as m Fig 4x4 After Petersen, 1899 


the receptaculum senunis dorsaUy, 
and that of the bursa copulatrix 
ventrally. In the more speaalized, 
and generally prevalent type, there 
are two reproductive apertures, viz. 
— an aperture opening on to the 8th 


sternum which is that of the bursa copulatnx, and the aperture of the 


common oviduct situated on the 9th sternum. The separation of the bursa 
copulatrix from the rest of the gemtal system is exhibited in the least 
modified condition m certam of ^e Psychidae In these mstances the 


canal of the bursa copulatrix commumcates with the common oviduct bjf 
an extremely short tube which is little more than an aperture in thev 
intervening walls. In other Lepidoptera a definite canal or ductus smi- 
nalis is evident, and m the hipest forms it is considerably lengthened 


and of exceedmgly narrow calibre. 

A pair of ramified or filiform coUeterial glands open into bladder-like 
ducts which communicate with the common oviduct just behind the aper- 


ture of the receptaculum seminis. In many species (B. mori, etc.) anacees- 
soyy is present in relation wiUi the latter structure, and the 
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ivbole organ then resembles a coUeterial gland in general ai>pearance, 
and has often been referred to as such. We owe to Hatchett Jackson 
(1890) the first elucidation of the morphology and development of the 
female genital system in Lepidoptera. The bursa copulatrix is a secondary 
invagination of the ectoderm, but its aperture corresponds with the vaginal 
aperture in other orders. The opening of the common oviduct, on the 
other hand, has migrated backwards and taken up a secondary position 
on the 9th sternum. According to Balbiani (Comp. Rend. 1869) the bursa 
Copulatrix receives the spermatozoa during copulation. Owing to the 
absence of muscles in the walls of that chamber, the spermatozoa migrate 
by their own motility into the ductus seminalis. They subsequently 
enter the oviduct and then pass up the duct leading into the receptaculum 
seminis, and are stored in the latter organ until the eggs enter the oviduct 
for fertilization. For detailed information on the female genital system 
reference should be made to the works of Eidmann (1929), Petersen/ (1899, 
1904) and Stitz (1901). I 

The TRACHEAL SYSTEM communicates with the exterior by means of 
usually nine pairs of spiracles, two being thoracic and the remainder 
abdominal in position ; the pair on the 8th segment of the abdomen, although 
present in the larva, is aborted. 

The general literature dealing with the morphology of adult Lepidop- 
tera is relatively small. The principal anatomical treatise is that of 
Petersen (1899) and a good deal of information on the external struetture 
will be found in Rothschild and Jordan’s monograph (1903). The most 
completely investigated species is Bombyx mori whose anatomy has been 
studied by many workers including Blanc, Verson, Tichomirov and others . 
for the general structure of Danats, vide Burgess (1880), while Brandt has 
dealt with that of Hcpialus (1880) and the Sesiidse (1890), and Nigmann 
(1908) with Acentropus. 


CLASSIFICATION 

The familiar division of the Lepidoptera into Rhopalocera (butterflies) 
and Heterocera (moths) has little to recommend it other than convenience 
founded upon usage. The main objection to its adoption is that the Rho- 
palocera, although they are of no higher rank than a superfamily, are 
elevated to a sub-order of equivalent value to the whole of the rest of the 
Lepidoptera. Again, the old divisions of Macro- and Micro-lepidoptera 
were founded mainly upon the size criterion. The adoption of these two 
groups led to the indusion of certain families among the Macro-lepidoptera, 
whereas their true affinities lay with the division which comprised the 
“ micros ” in a literal sense. Nevertheless, after making the necessary 
adjustments in this resj^ct, the retention of these two expressions does 
admit of certain convenience of reference, although they do not represent 
definable natural groups. As generally understood, the " Microlepidoptera ” 
are the Homoneura and the sections Tortricoidea, Pyralidoidea and 
Tineoidea of the Heleroneura in the present work. Chapman (1893) gave 
a tentative grouping of the Heterocera based upon important pupsd char- 
acters and suggested the divisions Obtectae and lncom|detse (vide p. 430). 
About the same time Comstock brought forward a classification founded 
upon the venation and wing-coupling apparatus. He recognized two sub- 
orders, the Jugatse and Frenatae — ^the former possessing a jugum and the 
latter a frenulum. The presence of a frenulum, however, is too variable 
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even within the limits of a sing^ family to have very much dassificatoiy 
value. In 1895 Packard laid stress upon Walter’s researches on the mouth- 
parts and separated the order into the Lepidoptera Ladniata (or Proto- 
iepidoptera) and the Lepidoptera Haustellata, the main feature being the 
presence of biting mouth-parts in the former sub-order (which indudes 
Micropteryx) and their absence in all other Lepidoptera. The Haustellata 
he further divided into the Palaeolepidoptera (which indudes the Erio- 
craninae) and the Neolepidoptera. The latter he divided into two sections 
corresponding in the main to the Pupae Incompletae and Pupae Obtectae 
of Chapman. In the same year Meyrick brought out a dassification based 
upon the venation in conjunction with other features and in 1895 Hampson 
published a revision of his earlier scheme (1892) also founded upon the 
venation. In addition to the above-mentioned systems, the eggs have 
been examined by Chapman (1896) and Tutt (1899), while classifications 
based upon larval characters have been advanced by Dyar (1894), Forbes 
(1910), Fracker (1915) and others : Mosher (1916) has re-examined the 
pupa from the same standpoint. Although no scheme based upon a single 
series of characters selected from one stage in the life-history can be regarded 
as anything approaching the ideal one, the venation on account of its con- 
stancy, affords the best features to work upon. For the primary division 
into sub-orders those suggested by Tillyard (1918) have been adopted. 
His sub-order Homoneura includes Mcyrick’s division Micropterygina and 
his Heteroneura the remainder of the order. The separation of the nximerous 
families of the latter into major groups is extremely difficult as is witnessed 
by the lack of general agreement in the recent systems put forward in the 
works of Mesnrick, Schroeder, Forbes and Tillyard. The classification given 
in the pages which follow attempts to take into account the importance of 
the tympanal organs combined with venational and other features while the 
family keys are mainly after Hampson. The larval and pupal characters 
are chiefly based upon those given by Fracker (1915) and Mosher (1916) 
respectively. 

Key to the major groups of Lepidoptera. 


I 

3 

3 

4 

5 

6 


(2). — ^Venation of fore- and hind-wings almost identical. Homoneura. 

(P- 444) 

(1) . — ^Venation of fore- and hind-wings with evident differences. Heteroneura 

(p. 446) 


(18). — ^Hind-wings with Cu, absent. 

{5). — ^Antennae clavate, no frenulum. papilionoidea 

(p. 461) 


(4]. — ^Antennae acuminate or, if clavate a frenulum present. 

(7). — ^Wings very narrow, venation degenerate. tineoidea (part) 

(P- 447) 


7 (6). — ^Venation well developed. 

8 (11).- -Wings deft into plumes. 

9 (10).- -Plumes at most 4 to each wing. pykaloidea (part) 

(P- 454) 

10 (9).'— Plumes more than 4 to each wing. tineoidea (part) 

(P- 430) 


ti (8). — ^Wings entire. 

12 (15). — ^Tjmipaiial organs present : frenulum present, rarely 

atrophied. 

13 (14). — ^Tympanal organs in metathorax; fore-wing with Ma noctuoidea 

usually basally approximated to M,. (p- 47 <>) 

H (13} •' — Tympanal organs in base of abdomen : fore-wing with ceombtkoidba 
M, rarely basally approximated to M,. (p. 467) 

*3 (la)^Tympanal organs aba^t : frenulum often absent. 
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c4 (X3^)4~Ai9lmm«^ gmdii4tt]r dnbbed with apeit pointed and 
aanally hooked. Frennlum almost always strongly 
developed. 

*7 (i6), — ^Antennae pectinate or rarely simple : frenulum nearly 
always lost. 

18 (3), — Cuj present in hind-wing.^ 

19 (^2). — In both wings stem of M present in cell : Cu, present 

in fore-wing.* Proboscis usually atrophied. 

20 (21).— M forked in the cell: areole present. 

21 (20),— M rarely forked in the cell : areole absent.® 

22 (19). — Stem of M rarely present in the cell : Cu* wanting or 

vestigial in fore-wing. Proboscis usually present. 

23 (24). — Hind wing with Sc + Rj approximated to, or fused 

with, Rs beyond the cell then diverging. Tympanal 
organs present.® 

24' (23). — Hind- wing with Sc + R^ remote from Rs beyond the 
cell : no tympanal organs. 

25 (26). — ^3rd segment of labial palp short, usually obtuse : in 

hind-wing Mj and Rs usually approximated or stalked. 

26 {25). — 3rd segment of labial palp slender and pointed : in 

hind-wing Mi and Rs separate, less often approxi- 
mated or stalked. 


4PH1KGOX&E4 

(p. 469) 

BOMBYCOIOBA 
(P- 457) 


COSSOIDEA 


(p. 446) 
PSYCHOIDEA 

(P- 454) 


PYRALOIDEA (part) 

(p- 452), 


TORTRICOIDkA 
(P- 45i)\ 

TINEOtDEA (part) 

(p- 447) \ 


* Absent or vestigial in Thyrididae, a few Castniidae and in some Tortricoidea. 

® Absent in Teragridae. * Except in some Castniidae. ® Absent in Thyrididae. 


Sub-Order HOMONEURA 


VENATION OF FORE- AND HIND-WINGS ALMOST IDENTICAL. IN BOTH 
PAIRS OF WINGS RS IS 3- OR 4-BRANCHED. A SPIRAL PROBOSCIS IS NEVER 
PEVELOPED. 


FAM. MiCROPTERYGIDiE. mouth-parts welt. 



430. — ^Mouth-tarts of MxcROFTSRYGmA. A, M/cso- 
xst Maxhxa. B, Sjlbatjmca, Mandxblbs* 
G, SAMdTuroA, Labium, oral aspbct ; D, EMicoMAiriA, 
xst Maxilla. 

Trmti, iRmt. Sm, 


DEVELOPED, TIBIAL SPURS 
PRESENT, WING-COUPUNG 
APPARATUS OF JUGO-FRE- 
NATE TYPE CONSISTING OF 
jrUGAL LOBE, HUMERAL 
LOBE AND FRENULUM. 

This family is of great im- 
portance from the stand- 
point of phylogeny as it 
includes the most primi- 
tive of all Lepidoptera. 
They are small diurnal 
moths with a wing-expanse 
sometimes less than 7 mm., 
and rarely exceeding 15 
mm. The fore- wings are 
pvate-lanceolate wilh me- 
tal 1 i c colouring. Like 
many ancient groups, they 
enjoy an extremely wide 
distnbution, but the family 
has probably yet to hie 
identified in manypartsof 
the world. Well known 
British genera are 
pUryx Hb. (Enoc^iftsls 
Curt.) and EriocrafM 2^. 
(Uiiiroptefyx atxt.); Jfef. 
caUheUa L. is a 
insect during late spring 





lAm. tW 2«iklaiid 9 mm SahaHnt^ Waft* dsdiibite nacwt pdaMw wha* 
tfoa» whith i$ ahncMat identical tnth tiiat of the Tnchopttoon KhyacSphtta, 

The aub-family Mictoptetyginae includes Mtcropteryx, SdbahHca, and two doubt* 
fttl genera Functional mandibles and laciniae are present and the galeae axe im 
(Fig* 43^), there being no pioboscis As m all members of the family the ligula is 
atrophied and the labial palpi are 3-jointed organs These insects are pollen feeders 
and use their maxillae for the purpose The larva of Micropteryx occurs in wet moss 
and as characterized by the presence of eight pairs of abdominal hmbs (vide Chapman, 
Trans Ent Soc , 1894). These appendages closely resemble the thoracic legs in 
being jointed and each is terminated by a claw. The body bears eight rows of 
metamencally arranged globose processes The larva of Sabahnca (Tillyard, 1922) 
lives among hverworts and has a similar number of reduced abdommal hmbs : the 
pupa IS characterized by the possession of functional mandibles. 

The Enocranimae have lost the lacmiae and the galeae are adapted to form a short 
proboscis Mandibles are frequently erroneously stated to be absent: they are 
reduced though distmct. and are non-denticulate (Walter, 1885) They are visible 
withm the bases of the pupal mandibles and possess strongly developed abductor and 
adductor muscles identical with those of the pupa (Busck and Boving). The larvas 
of Enocrania are apodous leaf-miners in birch, hazel, oak, and chestnut . the head 
is very small and partly hidden by the l€irge prothorax and the usual number of 
spiracles arc present Pupation takes place in a tough cocoon of silk and earthen 
particles and the pupa closely resembles that of a Tnehopteron. It is of the tjrpical 
exarate type, with the appendages free and the abdomm^ segments moveable The 
most conspicuous organs are the long curved serrated mandibles which are used 
to rupture the cocoon and aid the pupa m making its way to the surface of the soil. 
For the metamorphosis and detailed structure of all stages of Mnemontca, vide Busck 
and Boving (1914) , and for the pupa of Lriocranta, vide Chapman (1893A). 

The Mnesarchaeiinae include the most specialized members of the family and are 
represented by the New Zealand genus Mnesarcha^a. Mandibles are wanting, the 
maxillary palpi are 3-jointed only, lacmiat are absent and the galeae form a rudimentary 
proboscis used as a sucking-organ Their metamorphoses are unknown. 

Much difiEerence of opinion has been expressed with regard to the systematic 
position of the Microptcrygidac, and their afhnities are fully discussed by Tillyard 
(1919) Both the latter observer and Meynck regard these msects as ^ing true 
Lepidoptera, Comstock considers that they are tcxrestnal Tnchoptera while Chapman 
(1917) takes the extreme step of separating the genus Mtcropteryx into an mdependent 
order— the Zeugloptcra Tillyard enumerates four salient differences between ttus 
family and the Tnchoptera, viz M4 is not present as a separate vein m the fore-wing 
whereas it exists in archaic Tnchoptera , the pupal wmg-tracheation is complete 
whereas in Tnchoptera it is reduced to two tracheae only ; the characteristic Trichop- 
terous wing-spot is absent and broad scales with numerous stnae are present, whereas 
scales only appear in a few isolated and highly speciahzed Tnchoptera, and then only 
of narrow primitive form with few striae 

FAM. HEPIALIDiE (Swift-Moths) antenna very short, mouth-parts 

VESTIGIAL, WING-COUPLING APPARATUS OF JUGATE TYPE, THE JUGAL LOBE ELONGATE 
AND USUALLY PASSING BENEATH THE HIND-WING. TIBIAL SPURS ABSENT. A family 

comprising about 200 species which are widely distributed but best represented in 
Australia It is a peculiarly isolated group and although pnmitive in many featum 
of the external and internal anatomy it is speciahzed m certain others The species 
are extremely rapid fliers and vary greatly in size ; some are relatively gigantic, 
attaining a wing expanse of about 180 mm. Although the five British representatives 
are sombre-coloured insects certain of the great Australian and S. African forms 
(Charagta, Leto) are magnificently decorated with green and rose or adorned with 
metallic martongs The European species are crepuscular, or fly before dusk, and m 
two cases at least the mating habits are exceptional m that the female seeks the 
male. In Hspxalus humuh the male is commonly white and is readily sought out by 
the female : m H. hectus the female discovers the male by means of an odour diffused 
by the latter. The larvm are subterranean, feeding upon roots, or are mtemal wood 
feeders. Those of several European species are described by Fracker (1913)* 
Quad [Trans. Ent. Soc., 1900) has contnbuted observations on the metamorphoses Of 
certain Australian forms They are elongate, devoid of colour pattern and both 
tOfiM and secondary sets axe wantmg. The crochets are disposed m a complete 
circle. The pupae are unusually elongate and active and are armed witii 
qptuei^ toothed ridges, and cutting plates on abdommal segments, which are 
hdaptatipns for their way to the surface* The and to 6th abdominal 
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segments are free in the female, and the 7th also in the male. Fat a discussion of the 
early sta^ and affinities of the family, vide Packard (1895). 

The small family Prototheoridas from S. Africa is related to the Hepialidae. The 
Anstralian family Palaeosetidae is imp^ectly known but is also related to &e Hepialidas. 

Sub-Order HETERONEURA 

VENATION OF FORE- AND HIND-WINGS MARKEDLY DIFFERENT! HIND- 
WINGS WITH RS REDUCED TO A SINGLE VEIN. A SPIRAL PROBOSCIS PRESENT 
EXCEPT IN GROUPS WHERE IT HAS ATROPHIED. 

Superfamily Cossoidea (Figs. 426, 431). 

BOTH PAIRS OF WINGS WITH CU, PRESENT AND M FURCATE WITHIN THE 
CELL. AREOLE PRESENT IN FORE-WING. HAUSTELLUM ABSENT. 

FAM. COSSlDiE (Goat Moths, Carpenter Moths). — Insects of moderately large 
or exceedingly large size, the females of Duomitus leuconotus Wlk. attaining a wing- 
expanse of 180 mm. The family is generally distributed and, according tl Turner 
(1918), it retains the most ancient form of venation among Hcteroneura. TheWtenn® 
are frequently bipectinate in both sexes, rarely simple : in other cases they aie bipec- 
tinate in the male for a portion of their length and filiform distally. The frenulum is 
sometimes short and apparently non-functional, more often it is well developed : 
in the female it may consist of as many as nine bristles (Hampson). These moths 
are nocturnal fliers and lay their eggs on the bark of trees, or in the tunnels from' which 
they have emerged. The larv® are internal feeders boring large galleries in the wood 
of forest, shade, and fruit trees or in the pith of reeds, etc., often causing serious injury. 
The head is closely united to the enlarged prothorax, and the mandibles are very 
large. Only primary set® are present and the full number of limbs is retained, the 
crochets being usually either bi- or tri-ordinal, arranged in a complete circle. In 
certain species the larvae attain a very large size and in Co^^us cossus L. (ligniperda F.) 
and Prionoxystus robinns they live for at least two years. The pup® lack maxillary 
palpi: the 3rd to 6th abdominal segments are moveable in the female and the 
7th also in the male. The dorsum of the segments is armed with a toothed ridge 
along each margin and a cocoon of silk and gnawed wood is usually constructed. 
Cossus L. is one of the most primitive genera and is universally distributed. Xyleutes 
Hubn. includes numerous species found in all warmer regions, particularly Australia. 
Zeuzera Latr. includes the Leopard moth (Z. pyrina L.) whose larva is destructive to 
the wood of fruit trees (Fig. 431) : that of Z. coffeee Nietn. is known as the White 
Borer'* of coffee. 



Fio. 431. — Zmdsmma frajiTA, 

» Inato j mak , e, lann , pup«l Howard and QuilanOm, W. Dtid, 
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Supo-femily Tiaeoidea (Figs. 432, 433). ’ 

HAXnXARy PALPI OFTEN FULLY DEVELOPED t LABIAL PALPI WITH 3RD 
SEGMENT USUALLY SLENDER AND POINTED. CU, GENERALLY PRESENT IN 
BOTH WINGS BUT OFTEN REDUCED IN FORE-WING. HIND-WING WITH SC -F Rj 
free, less OFTEN JOINED TO CELL BY A BAR. M* AND RS SEPARATE, SOME- 
TIMES APPROXIMATED OR STALKED : OR, VENATION DEGENERATE IN MANY 
SMALL SPECIES : OR, WINGS DIVIDED INTO PLUMES. 

Table of groups. 

1 {4). — swings entire. 

2 (3). — Sc + Ri evident in hind-wing. Tlneina (p. 448) 

3 {2). — Sc -i- Rj apparently absent in hind-wing, Sesudae (p. 447) 

4 (i). — swings divided into plumes. Omeodidae (p. 450) 

FAM. SESIIDiC (ifEgeriidsB ; Clear wings). — This family is distinguishable 
by Sc -f Ri in the hind-wings being concealed by a fold of the costa. Their most 



Fig 432 — ^WiNGS or A, Pemowma (Toriricid/f), B. Opostboa (Adelidje) and C, Oebuua 
(Nspticulid/e) D, Side View of Head showing Labial Palp of Ctdia povobbua 
(£ucosmid/b) : £, the same of Cbtptolbcbja tbbtobiwbbblla (CEcoPHORiDiB). Adapted 
from Meynck (A, B), Braun (C) and Forbes (D, E). 

striking character, however, is the absence of scales from the greater part of both pairs 
of >vings ; the antennae are often dilated or knobbed and the abdomen is terminated 
by a conspicuous fan-like tuft of scales. The fore-wings are extremely narrow owing 
to the great reduction of the anal area and m most species the bristles of the frenulum 
in the female are consolidated as in the male. The family is characteristic of the 
northern hemisphere, and the species are diurnal, flying rapidly during warm sun- 
shine, Many resemble wasps, bees, ichneumons, etc., in appearance, which is largely 
due to their clear wings, slender bodies and often bright colours. They are in many 
ways an aberrant group, especially as regards the internal anatomy (vide Brandt, 
1890). The larvae feed in the wood of trees and bushes or in the root-stocks of plants. 
They are colourless with greatly reduced setae ; the abdominal feet bear two trans- 
verse bands of uniordinal crochets, and a single row on the anal claspers. Among 
other characters Fracker states the spiracles of the 8th segment are much larger and 
higher up than on other abdominal segments. Pupation takes place in the larval 
galleiy and the pupae are provided with various forms of cutting plates for working 
^eir way to the surface ; these are mostly situated on the head which is heavily 
chitinised. There are two rows of spines on most of the abdominal segments whidi 
extend around to the ventral surface, and a definite cremaster is wanting. Owing to 
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thdr intmial ie^diiig hMt several liave attracted tto mOm M maiimk 

entomologists. IMticularly the European and American Currant Borer (Sane 
/omis) and the Peach Tree Borer (Sanmnotdt^a extUosa Say) of the latter CQUweut 
(vide Butt 329 Ohio Exp Sia ) Over 100 species of the family are palaeaiutUs and 
do less than 90 belong to the genus Sesta * 15 species have been found in the British 
Ides but several are rare and local 

Tlneina. The majority of the Tineoidea belong to this senes, which includes 
about one third of the Lepidoptera and over 750 species are British Most of them 
are easily recognizable as narrow-winged msects bordered with long hair frmges* 
the larger and broader winged forms have shorter fringes and can usually be identi- 
fied by the venational characters previously enumerated. The classification of the 
group presents great difficulties owing to the fact that notwithstanding the marked 
difierences of the structure found m the extreme forms, the latter are closely inter- 
connected by numerous gradational genera The leading authorities are at variance 
as to the number of families that exist, and recent research has tended towards the 
recognition of an increasing number Among this vast assemblage greater variation 
of larval habits and structure is found than in any other group of Lepidoptera 
FAM. GELECHIIDiE. — Antennae rarely with basal pecten fore wings rtrape- 
xoidal. posterior margm sinuate or emarginatc Hind wings with Rs and M, italked 
or approximated at base This family includes nearly 400 genera and about 3,600 
species of small moths represented nearly all over the world A few forms have the 
hind-wmgs elongate-ovate and lesemble CEcophondae, but may be separated\from 

them by Rs and Mj Wing 
basally approximated or 
stalked The larvae usually 
feed among spun leaves or 
shoots, sometimes m seed- 
heads or roots, but are 
seldom leaf miners or case- 
beareis (Me5mck) One of 
the best known species is 
the nearly cosmopohtan 
Angoumois Gram Moth 
(Sttrotroga cereahlla), whose 
larvae are destructive to 
wheat, maize, etc The 
pmk boll-worm (Platyedra 
gossyptella) is the widest 
spread and one of the most 
destructive of all cotton 
pests, few cotton regions 
being free from it. The 
potato tuber moth [Phthonmaa operculdla) is a widespread pest of stored potatoes, 
more rarely afiecting the field crop, and Holcocera pulverta is an important enemy 
of lac m India, its larvae bemg predaceous on the latter insect. Over 130 species 
of the family are British 

FAM. COSMOPTERYGIDiE. — ^Antennae with a slight basal pecten Fore- 
wings lanceolate or hnear hmd-wmgs as in Gelechudae. A neglected but widely 
distributed group of about 1,000 species of small narrow-wmged moths, of which 27 
are British. The larvae have vaned habits, usually fixed for a genus * many are 
kaf-mmers, some feed m shoots or seeds, others among dry refuse or attack scale- 
insects. The species of Cosmopyteryx are elegantly marked with black, orange and 
gold and the larvae usually form blotch mmes m leaves 

FAM. CECOPHORIDjE. — A ntennae usually with a basal pecten Hmd-wmgs 
wWh Bs and M separate and parallel A family compnsmg nearly 300 species, nearly 
of which are Australian • 19 genera and 75 species are British. The larvae feed 
among spun leaves or seeds, m decaymg wood, etc. In the large genus Depresstma 
tim Iflume afiect more especially Compositae and Umbelhferae . ihe common D« Asm- 
spms together the flower heads and seeds of the parsmp and other plants in 
ifOpe and N. Amenca Blastobasts and its alhes are often regarded as a separate 
lAy ; their larvae feed on dry refuse, seeds, etc . or hve as parasites of scale-insects 
iAM. XYLORYCTlDiE. — ^Antezmal pecten absent. Bund-wmgs with Rs and 
Imsally approximated or stalked. This family mdudes some of the largest Tins- 
^ and IS especially well represented m Australia with a smaller number of ^mbciSs 
L America. lndia.etc. SoiW of the finc^speaes belong to the 
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ootiqpkmopM^ cokmted ^4 ^ittiUik Up 
tip to jsibmt 3 indte. Tho ltxv» aro ccMaooi^ in shelters or coverings. 
Of ^ttkimel in tvood carrying leaves lor food. 

HVPONOMEUTIDje.— A family of about Soo species whose tropical 
representatives are often brightly coloured and of relatively large size. The small 
exmine moths {Hyponotneuta) are very widely distributed and their larvas live gregari'^ 
ously on shrubs and fruit trees. The large genus Argvresthia is well represented in 
Europe and N. America, the larvae living in shoots, leaf-buds, fruit, etc. The species 
of Efhmia are sometimes regarded as a separate family : the larvae are partial to Boragin* 
acese living in a slight web on the leaves. 

PAM, ELACHISTIDi® (CYCNODIIDiE) A restricted family whose most 
important genus is Elachtsia, with over 200 species. The larvae mostly mine leaves, 
e^edally of grasses or allied orders of plants. Mention needs also to be made of the 
small families Douglasiida, Hehozehda and ScyihrtdtB^ which appear to belong here 
and are sometimes include as subfamilies. 

PAM. COLEOPHORID.<E. — In this small family the only extensive genus is 
Coteophora, which is represented by over 400 holarctic species : about 90 species 
occur in N, America and 70 species m Britain. They are narrow-winged insects, 
usually recognizable by the antennae being held in a correct position in repose. With 
regurd to the larval habits, Meyrick remarks that they are leaf-mining when very 
young, afterwards inhabiting a portable case. The latter is attached to a leaf or seed- 
vessel and the larva bores into the 
interior. In the case of leaves a ''V 

pale blotch is usually produced, Ni 

with a distinctive round hole in one ^ 

F A M . GRACILARIID^.— A 
cosmopolitan family of about 1,000 
small species with narrow, long- 
fnnged wings. They are often re- 

cognizable by their habit of resting H 

with the fore-part of the body up- / H ^ 

raised by the rather widely sepa- / w \ 

rated two anterior pairs of legs. / \ 

The larvae are leaf-miners : when / \ 

young are very much flattened with 

blade-like mandibles and vestigial 

maxillae and labium. At this stage 

they lacerate the cells and suck J 

the exuding sap : later they usually 

undergo hypermetamorphosis, ac- Fig. 434. — Plutmlla MAouuPMVNta, bnx.a.rgbd. 
quiring normal mouth-parts and Reproduced by permission of the Ministry of Agriculture, 
devour the parench3rma. The 

mines in LithocolleHs are small blotches, of which one surface is silk-lined and caused 


to ccmtract, thus producing a hollow chamber : the contracting surface may be either 
on the upper or lower leaf surface but is constant for a species (Meyrick). The twb' 
lai:^ genera, LithocolleHs and Gracilaria» together include over 450 species : PhyllO'^. 
enisHst with over 50 species, includes some of the smallest and most delicate of SQ ' 
mo^, and is remarkable in that the larvae are apodous. 

FAm. PlrUTELLIDiE. — ^A family of about 200 species, occurring in most regions. 
The]^ resemble the Hyponomeutidae, but may be distinguished by the short porrect 
nupSilary palpi. The larvae feed in a slight web in leaves or occasionally mine leaves' 
or stems : those of the cosmopolitan genus Pluiella feed on the leaves of Cruciferas, . 
The diamond back moth (Pluiella maculipennis : Fig. 434) is very destructive td 
vegetables and, owing to its ability to flourish in about all climates, it has become one 
of the most universally distributed of X^pidoptera smd apj^ars to be still extenduig'^ 
its ;rasige through the agency of commerce. The small family Epermeniida is closely 
r(H^ to the Pluteltida^^ . 

#AM;. HELIODlNIDifi. — ^A moderate-sized cosmopolitan family, whose members^ 
when at rest have the trait of displaying the hind legs either upraised or applied to 
tl^ back or sides of the body : the posterior legs have the tibim and tarsi fumishedc 
viHi whorls of bristles. An important genus is Strathmopoda^ whose larvae in eoi^ 
Kpedes |my upon Coccids, in others they bore into fruits, leaves, etc. Out of abbut^ 
too Jai owii species six are British. 

I^YPHlPTERyGiDiB^A large famify (about 800 1^.. la Brittabj, 
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esjpedally abundant in the southern hemisphere. Glyphipteiyt includes jnetallie- 
winged moths which dy in sunshine and whose larvse feed chiefly on grasses and 
sedges. In ChoreuHs the moths resemble Tortrices in form and their larvae often 
form webs among leaves or seeds 

FAM. TINEIDi®.- -A world- wide family of over 2,400 species characterised by 
the head being usually rough-haired, the proboscis short or absent and the maxillary 
palpi often long. The labial palpi are usually porrected and the posterior tibias 
hairy. The venation is veuy degenerate in some forms {Opostega, Lyonetia, etc.. 
Fig, 432) which have the wings partially clothed with aculei and are often grouped 
into a separate family— the Lyonetiidae. For the rest of the family the wings have 
all the veins present and separate, the hind pair being narrow. Tinea is universally 
distributed ; its larvae show diverse habits and sometimes live in portable cases. 
Those of most European species feed upon various dry animal or plant material. 
Thus, the larva of 2 \ vastella feeds upon dried fruit, horns of antelopes, and other 
dried matter: those of T. pelhonella and biselliella and Trichophaga tapetiella are 
clothes moths " — ^household pests attacking clothing, carpets, furs, feathers, etc. 
In Melasina energa (Ceylon) Fryer states that the larva inhabits a tubular tunnel 
of earth and vegetable particles, which partly projects above the surface of the pound. 

FAM. ADELIDiE. — ^The species have the wing membrane closely covered with 
aculei and the venation well developed. In Adela and Nemotois the moths am often 
metallic and fly in sunshine. In the males, the antennae are longer than in the females 
and often many times longer than the insect : the eyes in the males are often greatly 
enlarged and approximated dorsally. Incurvana and its allies possess a strong cutting 
ovipositor for inserting the eggs into plant tissues. In the North Amencaii sub- 
family Prodoxinae there is an intimate relationship between the moths and species 
of Yucca. The female Tegettcula yucca sella is associated with Y . filamentosa and by 
the aid of her specially modified mouth-parts collects the pollen and applies it to the 
pistil in which she has deposited an egg. In this way development of the fruit, upon 
which the larva feeds, is ensured. In Prodoxus the above relationship does not exist 
and the insect is dependent upon the Tegettcula for the pollination of the Yucca flowers, 
within which the larval growth similarly takes place. 

FAM. NEPTICULIDi®. — Nepttcula and its allies include the smallest of the 
Lepidoptera, N, mtcrothenella, having a wing expanse of only 3 to 4 mm. The wings 
are clothed with aculei and are narrowly lanceolate, with a peculiar venation unlike 
that of all other Lepidoptera (Fig. 432). In certain species a jugum is present on 
the fore-wing in the female together with a row of hooked spines on the hind wing : 
in the male a true frenulum is present (Braun). The larvae arc mostly leaf-miners 
and are devoid of jointed legs or crochets : two pairs of leg-like swellings are present 
on the thorax and similar structures on the 2nd to 7th abdominal segments. Neptt- 
cula includes 67 British species, and is nearly world-wide in range. 

Mention needs also to be made of four small families which are either largely or 
entirely Australasian, The Epipyropidas have larvae which are parasites upon Jas- 
sids and Fulgoroids. The CyclotornidsB also include parasites : the ist instar larvae 
of the Australasian Cyclotorna parasitize Homoptera while, in their 2nd instar, they 
live in ants' nests (Dodd, Trans. Ent. Soc, 1912). The Amphitheridse and Copromor- 
phidtt each include a small number of species. 


FAM. ORNEODIDA (Alucitldes : Many Plume Moths). — ^A small isolated family 

characterized by both pairs of wings being 
cleft into six or more narrow plume-like divi- 
sions, densely fringed with hairs along both 
margins (Fig. 435). They are related to the 
Pyralids and Tineids, but exhibit no close 
affinity with the Pterophoridae. With the 
exception of Omeodes hexadactyla L., which is 
European, the various species have a restricted 
range : the former insect is common in Britiun, 
where it is the sole representative of the family. 
The larvae burrow into shoots, flower-stall«» 
and buds giving rise to galls, and the known 
food-plants include Lonicera, Scabiosa, and 
Stachys. They are hirsute, cylindrical and 
rather stout; the crochets are 
arranged in a complete circle. The puw are 
fOfy different from those of the Pterophoridae and have affinities with Tinem 



Fig. 435. — Ossjvosjrs ptomma , bn- 
CARGBD, CbYLOK. 

After 
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FjnralUhi. A gooood is formed oa the surfooe ot the ground and consists of toose 
silk or of fine earthen particles. Most of what is known concerning the family will 
be found in papers by Chapmatt,(i896), Hofmann (Deut. BnU Zeit 1898), Fletcher 
{Spolia Zeyh igto), and in Genera Insectorum by Meyrick (Fasc. 108). 

Superfamily Tortricoidea (Tortrices : Fig. 432 A, D). 

MAXILLARY PALPI VESTIGIAL OR ABSENT: LABIAL PALPI WITH 2ND 
SEGMENT MORE OR LESS ROUGH-SCALED, 3 RD SEGMENT SHORT AND USUALLY 
OBTUSE. CU a GENERALLY PRESENT IN BOTH WINGS THOUGH OFTEN VESTIGIAL, 
especially in FORE-WING. HIND-WING WITH SC + Ri APPROXIMATED, OR 
LESS OFTEN JOINED, TO CELL THEN DIVERGING ; Mi AND KS USUALLY APPROXI- 
MATED OR STALKED. 

Table of families : 


1 (4). — Fore-wing with Cuib arising from or near lower angle of cell. 

2 (3). — Hind-wing with one or two branches to M. 

3 (2).— Hind-wing with three branches to M. 

4 (x). — Fore-wing with Cujb arising from near middle of cell. 

5 (6).— Hind-wing with cubital pecten on margin of cell. 

6 (5). — Hind-wing usually without cubital pecten. 

7 (8). — Fore-wings with R3 and R4 stalked or coincident: end of 

palpus pointed. 

8 (7) . — Fore-wings with R3 and R4 separate, if not end of palpus obtuse. 


Carposinida 

Phaloniidae 

Eucosmida 


Chlidaiiotida 

Tortncida 


The Tortrices are moths of small size with wide wings, and the hair-fringes 
of the latter are always shorter than the width of the wing. The family is 
more characteristic of temperate regions than tropical, and the imagines 
are mainly crepuscular in habit. In the males of many species there is a 
basal costal fold to the fore-wings, often including expansible hairs, probably 
functioning as a scent organ. The eggs are flattened and oval, usually 
smooth, occasionally reticulated. The larvae live concealed, usually in rolled 
or joined leaves, or in shoots spun together. Others live in stems, roots, 
flower-heads or seed-pods. They are rather elongate, slightly hairy and have 
the full number of abdominal limbs. The crochets on the abdominal feet 
are usually bi- or tri-ordinal, and arranged in a complete circle. The pupae 
have two rows of spines on most of the abdominal segments ; the 4th to 6th 
segments are movable in the female and the 7th also in the male. The pupa 
is protruded from the cocoon prior to the emergence of the imago and is 
usually found in the situation where the larvae feed. 


FAM. EUCOSMIDAB (Olethreutidae). — family of over 2,000 species and includ- 
ing nearly two-thirds of the British Tortrices. Laspeyresia, with over 300 species, 
is widely distributed and its larvae usually feed in fruits or stems. L. wolesta is the 
Oriental Peach Moth which has become an established pest in N. America and S. 
Europe, probably from Japan. Evetria includes the destructive Pine-Shoot Moths 
and Cydia (Carpocapsa) pomonella is the Codling Moth, whose larva burrows in the 
fruit of the apple and is a world-wide enemy of the cultivator. 

FAM. TORTRICIDAS. — ^A family of about 1,500 species of world-wide range. 
In the large genus Tortrix, with some 300 species, T. vtridana of Europe is a wdUi- 
known defoliator of the oak : its economy and parasites have been studied by Silvestri 
{BoU. Lab. Zool. PorHci 17, 1923). Sparganothis is exceptional in retaining Ihe cubital 
pecten and S. pilleriana is a European pest of the grape. The larvae of species of 
Caceecia live in communal nests on trees and shrubs. 

FAkf. PHALONllDiE (Conchylidae). — ^A family of mainly holarctic range, and 
whose larvae axe internal feeders, usually in flowers, seed-heads or stems. In PhaUmia 
(over 220 species) the larvae especially aflect ^mpositae. The CARPOSlNlDiS 
nxe a small family mainly found in Hawaii and Australasia and have Tineoid affinities, 
while the CHLlpANOTXDiS are an Indo-Australian group. 





umomm . ' 

Stkperfon% P|nr 4 l 61 dM {%. 


, llASQXUk^^ TAUn CSUAIXY JPRESBtlT. 1 S.GS ALMOST ALWAYS LOli 4 AlW 
.p^MDER. ABDOMINAL TYMPANAL OKGANS PRESENT IN MOST SPECIES. Ctl« 

. VESTIGIAL OR ABSENT IN FORE>WING, ALMOST ALWAYS PRESENT IN HINEiH 
iWING. IN HIND-WING SC + Rj, WITH FEW EXCEPTIONS, PARTLY FUSED WITjB 
Es BEYOND THE CELL AND Mi STALKED WITH OR APPROXIMATED TO RS. X^' 
EACH WING DIVIDED INTO NOT MORE THAN FOUR FLUMES, AND HIND-W 1 K(I 
WITH DOUBLE ROW OF SPINE-LIKE SCALES AT EDGE OF CELL ON VENTRAL 
SURFACE. 

Table of families : . > 


X (2). — swings almost always divided into plumes : with spine-like 
scales on ventral surface of hind-wing. 

2 (i),— Not as above. 

3 (4). — Cu, absent from hind-wing : Sc + Rj not fused with Rs : 

tympanal organs absent. 

4 (3)' — present in hind- wing Sc -f- Rj partly fused with Rs : 

tympanal organs present. 

5 (xo).— Hind-wing with cubital pecten on upper side. 

6 (9). — ^Fore-wing with R5 present. 

7 (8). — ^Maxillary palpi strongly triangularly dilated with scales. 

8 (7). — ^Maxillary palpi filiform. 

> g (6). — Fore-wing with R^ absent. 

10 (5). — ^Hind-wing without cubital pecten. 

XI (12). — ^Fore-wing with Rg stalked with Rg and R4. 

12 (ii). — ^Fore-wing with Rg free. 


Pterophorida 

(p- 454) 


Th3nidid« 

(P- 43 *) 
Pyralini 

(p- 45? 


Crambid 

(p- 453^, 

Galleriida 

(p- 453) 

Phycitid® 

(p- 453) 

Pyralid® 

(p- 453) . 

Pyraustida^ 

(p- 453)" 


The Pyraloidea form an enormous assemblage of small to medium-sized 
moths of fragile slender build and with relatively long legs. The approxima- 
tion, or partial fusion, of Sc -1- Ri with Rs in the hind-wings (Fig. 435) readily 
separates them from any other major division of Lepidoptera. Their larvae 
have very varied habits, and many live in concealment. They are markedly 
active, and often exhibit a forward and backward wriggling motion when 
disturbed. They are usually slender and nearly bare, with little or no colour 
pattern. The abdominal feet are short, and provided with either a pair of 
transverse bands, or a more or less complete circle of biordinal crochets. 
I^e pupae are not protruded from the cocoon in emergence, and abdominal 
,s(^;ments 5 to 7 are free. Maxillary palpi are always present, and the 
/isiixiace of the body is seldom roughened with spines or setae except in the 
;|*!toophoridae. 

! , FAM. THYRIDID.*.— A small tropicopolitan femily «f particular interest ffl# 
.-liieoount of the relationships which it exhibits with other of the larger groups ot 
Xf^doptera. Both Hampson and Me3uick claim that they are the ancestw group 
':&om which the butterflies have been derived. They are mostly small modis 
,nsembling Pyralids or Geometrids in general appearance, and can usually be lOOpg* 
'nfred by the presence of white or yellowish translucent areas on the wings. Th^ 
widely distributed in the tropics but only 3 genera, embracing four spocies, «e 
by Stau^gmr and Rebel as entering the Palaearctic region, Tkjfris alone b^g 
jSpxopean, Rhcdomum Guen. includes over 100 ^edes distributed from theW. 

'iped S. America, through S. Africa and the whcfle Oriental region, to Australia. .jfM 
"Wiaa, so far as Imown, exhibit Pycalid characters. For a revirion of the. i^i^y 
ki|a Hampson (Proc. Zool. Soc. 1^7)- . . _ 

to the Thyrididss are the small hado-Austcslian families 
p£I^Y€!HI|lOTU>AS. In the latter family Cemkba has each wing divided' 
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ih^ralla* 


OiiXlMMWM^Thib Ckdleriida ajre a small but widely distributed sub^ 
bunily yrhose larvae feed on a variety of dried substances, including the combs of bee** 
hives and of wasps* nests, dried fruits, and in a few cases in roots, beneath baric, 
etc* Pupation takes place in a ^uliarly tough cocoon. The best known species 
is the Bee moth, Gallena mellonella L., which has become artificially spread among 
hives in many parts of the world, including Australia. The biology and method of 
nutrition of this species have been studied by Metalnikov {Arch, Zool, Exp. 1908)* 
FAM. CRAMBID/B. — ^This family includes the Grass Moths, of which the genus 
Cf ambus comprises about 400 species (29 British). They are small insects with 
narrow elongated fore-wings and porrected labial palpi. They are extremely abundant 
in grass land and rest by day in an upright position with the wings folded on the 
stems. Their larvas usually feed in silken galleries on grasses, reeds and allied plants, 
or on moss. Among other forms DiatrcBa saccharalis is the American sugar-cane 
borer and species of Chilo are similar pests in India. 


PAM. PHYCITIDA. — ^The Phycitidae are a very large group with elongate fore- 
wings which lack vein R, ; the hind-wings have, on the dorsal side, a well-defined 
pecten of hairs on the lower margin of the cell near the base. These insects are 
exceptional in that the frenulum is simple in both sexes. Secondary sexual char- 
acters are well seen in the swollen basal antennal joint of the males, and the same 
sex is often provided with a 

conspicuous row, or tuft, of e* 

hairs or scales on the fore- 

wings. The larvae vary L 

greatly in habits and usually — 1 

Uve in sDken tubes by day, -Wm 

coming out to feed at night. T y 

Nearly 50 sp^ies of the "WtA 

family are British, and over ^ * 

800 are found in the palae- ^ 

arctic region. Ephestia Gn. ^]/Cuia 

includes the Mediterranean 
Flour Moth (E. kuehniella 

Z.), whose larvae are great Sc»R| 

peats in flour mills ; those J 

of other species attack dried \V\\ Rs * 

fruits, biscuits, and other XxOn. 

commodities, R. cauiella \^^\Nv 

Walk, being the nearly cos- \ 

mopolitan Fig Moth. The v\^V 

Indian-meal moth {Plodia \\ Cu||^ 

interpunctella Hubn.) is 

even more widely distil- 3 A 

buted and attacks maize, Fig. 436. — Borra muxalis, Venation. 

figs and seeds of various 


3 A 

Fig. 436.- 


/Cu,a 

Cuib 


•BoTTB MVBALiB, VENATION. 


l^ds. LeBtilia coccidivora is remarkable on account of its predaceous larva whidi 
lives upon various Coccidse in N. America. A detailed study of the metamor- 
phc^is and larval and pupal structure of a PhycitidJs given in Beeson's paper 
Fcresi Rec. 8, 19x0) on the Oriental Toon Mo& (Hypsipyla robusta Moore), which is 
a shoot-borer. Laivse of various other genera live in rolled or spun leaves, others* 
affect flower-heads, and many live on the bark of trees. The Anerastinae, whidai 
have a vestigial proboscis, are often regarded as a separate family. 

FAM. PYRALIDiV. — ^This family is fcurly numerous in the tropics, but scarce 
dsmhere, and absent from New Zealand. The larvae feed, as a rule, upon dry or 
dedtyixig vegetable substances. Those of the cosmopolitan PyraUs farinalts . 
I siUmn galleries among com and flour ; species of Aghssa Latr. mait^ 
among hay and chaff refuse, while Synaphe angustalis Schiff. frequents damp 
^dsii. The subfamilies Chrysauginae, Endotrichinae and Epipaschiinae are oHjasAt': 
tegladed as separate families. 

; \ , #AM« PYRAtrSTEOi’E (Fig, 436). — ^Tbese form an immense family, which indudsi^, 
the larger Pyralina. They are aU characterized by R«, in the fore-wi^/ 
from the cell, but are frequently divided into a number of laxnj^ ; 
rdatively trivial characters. The Schenobiinae have the proboscis vsa* 
SM Iheir larvas live luxumg aquatic plants. The anomalous gauus Aceniropud 



454 mnmnERk 

i$ the most truly aquatic of all L^idoptera, and its stmctnle mid biology 
studied in detail by Nigxnann (xq^). The young larva tunnels in the peiiotea of 
Po^mogeion and o&er water plants ; it subsequently constructs a tube ci pcutions 
of leaves spun together, but open at the two extremities. A cocoon is spun in a 
rather similar leaf-shelter, the pupa being almost completely submerged. Respira- 
tion in the larva appears to be cutaneous at first and it is only in the later stages that 
the tracheas become filled with air. The females are dimorphic: the long-winged 
forms are aerial while those with reduced wings live entirely in the water, using thear 
alary organs for swimming. The N)anphulinaB are of special interest for the reason 
that some species are also aquatic. In the genus Nymphula Sch. and Hydrocam^ 
Latr., tte livae are usually leaf-miners at first and live throughout life below the 
surface of the water. Their biology has been frequently studied, notably by Miall 
{Aq. Ins,)t Muller {Zool. Jahrb. Syst. 1892) and Welch {Ann. Ent. Soc. Am. 1916). 
Two definite larval types occur ; those without gills when mature {H, nympheatd), 
and those in which such organs are present (AT. striatiotata, etc.). The life-history of 
N. maculalis Clem, has been studied by Welch, who states that tracheal gills are 
wanting in the first instar but increase numerically after each moult. The /pupa is 
enclosed in a silken cocoon on the submerged surface of a leaf, and the imagp is not 
afiected by contact with water during emergence. The method of respimtion in 
this genus requires further study : during early life it is cutaneous and spiracles, if 
present, are closed. In H. nympheata and also in Cataclysta lemnata respiration sub- 
sequentiy takes place by open spiracles. In other species it is performed by Weans 
of tracheal gills : non-functional spiracles co-exist with the latter in N. strc^otata, 
but apparently not in N. maculalis. 

The Scopariinae are a small group characterized by a raised tuft of scales in the 
cell of the fore-wing. The large genus Scoparia mostly inhabits temperate regions 
and is extensively developed in New Zealand. The larvae feed on moss and lichen, 
among which they form silken galleries. The Pyraustinae are the largest group with 
68 British species, and differ from the Scopariinae in the absence of raised scales from 
the fore-wings. They are common in nearly all parts of the world and are exceed- 
ingly abundant in the tropics. Their larvae usually feed in a slight web amongst 
spun-up leaves, or in stems, fruits or roots. The most notorious species is the Jpuro- 
pean Corn Borer {Pyrausta nubilialis), which is an introduced pest of corn (maize} 
in Ontario and the eastern U.S. : although abundant on the continent of Europe, 
it is a rare immigrant in Britain. 

FAM. PTEROPHORIDiE (Plume Moths). — ^These insects are readily distin- 
guishable by their deeply fissured wings ; the anterior pair is longitudinally cleft into 
two, or more rarely three or four divisions, and the hind pair into three. There are 
no maxillary palpi, and all the species are extremely lightly built with very elongate 
fore-wings, and unusually long and slender legs armed with prominent tibial spurs. 
The species are nowhere numerous and 32 inhabit the British Isles. Agdistis Hub., 
and two other genera, are exceptional in possessing undivided wings. The larvae 
mostly feed exposed on flowers and leaves but sometimes internally in stems or seed 
vessels the Compositae being more frequently selected than any other order of plants. 
They are long and cylindrical with numerous secondary setae. The abdominal feet 
are long and stem-like with uniordinal crochets. The pupae (vide Chapman, 1896) 
are attached by the cremaster and occur above ground, sometimes in a slight cocoon. 
Tbe body is roughened with short spines or with small groups of longer barbed spines 
arising from small elevations. Unlike the Pyralidae, there are no maxillary palpi, and 
the deep furrow between the 9th and loth abdominal terga^is likewise absent. Among 
British species one of the commonest is Pierophorus pentadactylus L. whose larva 
fiseds upon Convolvulus : the larva of Agdistis bennetii Curt, selects Statics limonium 
and that of Trichoptilus paludum Zelb. feeds upon the leaf-tentacles of Drossra 
(Otapman, Trans. Eni. Soc. 1906). 


SuperfamUy Psychoidea 


MAXILLARY PALPI ABSENT OR VESTIGIAL. PROBOSCIS USUALLY ATRO- 
TYMPANAL ORGANS WANTING. POSTERIOR TIBIAL SPURS VERY SHORT 
MIODLE SPURS OFTEN ABSENT. BOTH WINGS WITH CUg PRESENT 
llARELY WANTING IN FORE- OR HIND-WING ONLY) AND H ALMOST ALWAYS 
SNT WITHIN THE CELL. HIND-WING WITH SC + R| REMOTE FROM ; RS 
>ND THE CELL. 



TbKIm /if fatniliiM • 


PSYCHOIDEA 
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1 <«)* — ^Hind-wings with Sc -f Rj coincident with the cell to 

middle or near extremity : palpi absent. 

2 (i). -Not as above. 

3 (6) — Hind-wings with Sc + Ri anastomosing with the cell : 

palpi present. 

4 (5) —Frenulum absent. 

5 (4) —Frenulum present. 

6 (3) -Hind-wings with Sc + R^ free or connected with the cell 

by a bar. 

7 (12) —Proboscis absent. 

8 (9) -Fore-wings with Cu, absent ; females winged. 

9 (8) -Fore-wings with Cu, present: females apterous. 

10 (ii) —Females and larvae case-dwellers. 

11 (lo). — ^Females and larvae not case-dwellers. 

12 (7) —Proboscis present. 

—Antennae clubbed: hind-wings with Sc + R, diverging 


Megalop3rgidae 
(p. 456) 


Chrysopcilomidse 
(P- 456) 
Cochlididae 
(P- 456) 


Tcragridae 
(P- 456) 

Psychidae 

(p- 455) 
Heteiogynida 

(P- 456) 
Castniidae 


from the cell from the base. (p. 457) 

*4 (i3)' — ^Antennae filiform, rarely terminally dilated : hind-wings Zygaenidae 


with Sc -f Rj approximated to the cell and connected (p. 456) 


hv fl. bar. 


FAM. PSYCHlDiS (Bag-worm Moths). — A somewhat small family with an 
extremely wide distribution : about 150 species occur m the palaearctic region but 
very few are British. 


The family has 
evolved along totally 
different lines in the 
two sexes, the males 
being highly special- 
ized and swift fliers, 
while the females in- 
clude the most de- 
generate of all Lepi- 
doptera (Fig. 437) 
In the former se 
the wings arc thinl; 
clothed with haii 
andlmperfect scales 
and are almost dc 
void of markings 
The labial palpi ar 
very short, the an 
tennse are strongl 
bipectinated, and th 
frenulum exceptioc 
ally large. Th 
females are alway 
apterous, but exhibi 
various degrees c . 
degeneration : in 
extreme forms th t 
antennae, mouth- 
parts, and legs ar > 



Fig. 437 . — TBTkiDOPTMBTX XPBMMXEMFOMMtt, 

imago; F, larva; C, larval “ bag I), female pnM ; I 

female imago withm *' bag ** ; p, pupa case. AU enliuged. A«lapted from Howard aa 
Chittenden, (7.5. Bur. Entam. Ctre. 97 . 


totally wanting. ♦ 

The larvae inhabit cases which exhibit great variety of shape and of matenals used 
in their construction : they carry their cases with them as they move about their 
iood*-p}ant8. These habitations are formed of silk covered with fragments of leaves, 
twigs, grass and other objects^ In Apterom they are wholly constructed of silk and 


im mtram^Ty liDse cofiies of Retbic**ttke OntdlB, Popattott tftM 
t$MB, and the pupae aiie provided vriHh a row of sharp qpiohtes m the abdoadaai 
ihents. There is much diversity of structure in the female pupae : thus accordtaa^ 
Heylaerts vrings are present m Fumea, while in Thyridoptefyx Stph. and 
thim are no traces either of these organs or of antennas, maxiUae, or eyes and OOly 
slight vestiges of legs are present (Mosher). The^'imago of this sex is little more than 
an egg-sac and spends her whole life withm the larval habitation. Copulation tabss 
place by the male alighting on the case and inserting his protrusible abdomen between 
the wall of the former and the ventral surface of the female. Fumea is exceptional 
in that the female emerges from the case prior to copulation. Parthenogenesis 
is known to occur in Apterona crenulella var. helix but it is extremely doubt&l if it 
is the rule in other species. Heylaerts (i88i) has monographed the European species 
and gives much general information on the family : for the habits and structure of 
Acanthopsyche opacella H Sch., vide Chapman (1900). The affinities of the Psychida 
appc^ to lie with the Heterogymdae, and Heylaerts regards them as being inter- 
mediate between this fazmly and the Lymantriidae ; other naturalists claim that they 
axe also connected through the Heterog3rmda with the Zygaenidae. The larva of 
a few species are pests of fruit or other trees in N. America, S. Africa, etc. 

The HETEROGYNIDiE are an extremely small family represented by the sbuthem 
European genus Heietogyms Rbr. The larva are not case-bearers, and the females 
resemble those of the Psychida in being vermiform and degenerate. They are\stated 
to remain in the cocoons and lay their eggs there. 

The CHRYSOPOLOMIDiE are similarly a very small family comprising only two 
genera and about 24 species which inhabit parts of Africa \ 

FAM. TERAGRIDiE (Arbelida). — ^A small tropical family of Ethiopian and 
Oriental range whose larva, so far as is known, are wood-borers. The moths are 
nocturnal and closely resemble the Cossida, but have a more reduced t3rpe of venation. 

PAM. MEGALOPYGIO.E (Lagoida). — ^An essentially American family with only 
few palaearctic species which occur m Africa. Their affinities apparently he nearest 
to the Cochhdida, particularly with regard to larval characters. Accordmg to Dyai 
their larvae possess two series of abdommal feet. The normal ones occur on segments 
3 to 6 and on 10, and are provided with crochets ; the secondary feet he on segments 
2 to 7 and are of the nature of sucker discs. Mosher states that in Lagoa the pup2. has 
the head and thoracic segments free, and abdommal segments i to 6 are free m the 
female, with segment 7 also m the male. The whole pupal covering is thin and mem- 
branous with the appendages entirely free from each other and from the body-wall. 
The cocoon is furnished with a circular operculum to allow of the emergence of the 
imago. An account of the metamorphoses and anatomy of Lagoa enspata is given 
by Packard (1894). 

FAM. COCHLIDIDiE (Limacodidse, Heterogeneidae or Eucleidae).— A small 
family allied to the Zygaenidae and Megalopygidae and mcluding less than 40 palae- 
arctic species : Heterogenea Knoch and Cochltdton Hb. are Bntish. Their larvae 
are commonly known as ** slug caterpillars,'' which have thick, short fleshy bodies, 
a small retractile head and minute thoracic legs. Segmentation is indistinct and 
there are no abdommal feet, but according to Chapman (Trans. Ent. Soc., 1894) 
secondary sucker discs are present on the flrst eight abdommal segments. A valuable 
series of papers on the structure of these anomalous larvae has been contributed by 
Dyar (i895'-9). Those of diflerent genera have very httle in common beyond the 
features enumerated : many are smooth and glabrous while others are provided with 
a conspicuous armature of spme-bearing scoli which, in the case of Empretia sitmuha, 
are said to be poisonous. The pupae strongly resemble those of the preceding family 
and are enclos^ in a hardened oval or round cocoon. The latter is provided with an 
4!iperculum which is constructed by the larva and allows of the free escape of the 
t^go (Fig. 438). 

FAM. ZYGiENIDiE. — ^The members of this family closely resemble the Syntomidae 
but are readily separable therefrom by the presence of Cu, in the hind-wings (Fijp;. 
439). Many are very brilliantly coloured and there is considerable diversity of struc- 
tm. They are diurnal in habit, with a slow heavy flight, and are inclined to be very 
locahy distributed. The larvse (Fig. 440) possess the full number of hmbs, and, so 
that as known, they are short and cyhndriw with numerous verrucae from which arise 
. ghort hairs ; they hve exposed on herbaceous plants. The pupae are enclosed in tpa^ 
alpngate membranous cocoons above ground ; owing to their great capacity for 
^Ijsisut, they are enabled to work their way out prior to the emergence of the i m hyi H &s. 
> The sub-family Zygasninae*is characteristic of the palasarctic region where It fr 
f^.|ii;jprosent^ by X2 genera and ovtr 100 species ; 2 genera and xo spodbs ^ 





Fig. 438. — Euclma utMTEXMixA, N. America. 

«, femafe imago ; h, antenna of male ; A larva ; a, seolus. much enlarged ; /» pupa ; g, 00000a. Aft» Cbftten 

C/.5. Agna. ErA, BitU, 124. 

dinde are a small and very aberrant sub-family in which the mouth-parts are wanti 
In Himanopierus Westm. the hind-wings are filiform as in the Nemopteridas (p. 4 
and there is no frenulum : the genus is placed by some authorities in a fa^y 
its own — ^the Himanopteridae (Thymaridae). 

FAM. CASTNIIDAS. — Included in this family are a number of brightly colon 

day-flying moths often beadnj 
So Ri R . resemblance either to N3anpha] 

butterflies or "Skippers"; tl 

, ^ are confined to tropical Amei 

iSeS^ssL ' /H5 suid tha Indo-Malayan amd Ansi 





Fw. 440.- 

Larva, Nat. Sub. 
4/)«’HampKn(F.B.I.). 


V \ \S. lian regions. Their metamorphtfHii^'’ 

****** studied. Thw: 
^ ®gK® “* “priglit and the larvae!^; 

4 within the sten» of plants ,’’ 

F^c. ^yi,-^Zr 9 MSA rtuPMiniuiM. Vshatioix, remarks on the pupa, vide 

man (£n<.J 7 «c. 1895). 

is destructive to sugar cane in tropical America and its metamorphoses are 
l|y Marlatt [U.S. Dtp. Agrie. Ent, BuU. 54). By some authorities the family » 
.gardsd as being closdiy related to the butterflies, but, with the removal of bd^ 
JUmeljlymussndBtucAsfRon to the Hesperiidse, the affinities appear tobe less evidlM^; 
. . Mention needs to be made of the very minor families DALCBRIDAE and ItATilA^I 
;.fKa>At found in the warm parts of America and the Orient respectively. 

Super£amily Jtombycoidea 

<:'^)r't|AXItLA]ty FALPI AND TYMPANAL ONGANS ABSENT. FBENDLDM ALltip^ 
. Ip^AYS^ ATROPHIED OR VESTIGIAL : 'PROBOSCIS RARELY DEIHSLOPED. 

GEimRALLY 'PECTINATED, ESPECIALLY IN MALE. ;'Ca«. ABSENT. 

: HIND-WING with sc + Ri USUAIXY DIVERGING FIB>M' 
p^; ONLY CONNECTED iifZTH CEXX BY A. CROSS-VEIN (Rt)., . 



^ii«a 




" ' ' -Hind^wing with costal area greatly widened basally and 

supported by usually two or more stout humeral veins 
from a subcostal cell between bases of Sc and R. 
a (i) -Not as above. 

3 (6) -Antennae simple: fore-wing with M, basally approxi- 

mated to M,. 

4 (5) -Hind-wing with Sc + Ri, remote from Rs beyond the 

cell. 

5 (4) -Hind-wing with Sc -f- Rj closely approximated to Rs 

beyond the cell. 

6 (3) —Antennae generally pectinate in male : fore-wing with M, 

parallel to M3 or approximated to M^. 

7 (12) -Hind-wing with Sc -f Rj diverging from cell from base. 

8 (9) -Hind-wing with a rudiment of Cu*, a vestigial frenulum : 

with two anal veins. 

9 (8). — ^Hind-wing without such vestiges : with one or two anal 

veins. 

10 (ii), — ^With two anal veins: tibiae with spurs. 

11 (ic»). — ^Almost always with one atnal vein : tibiae without spurs. 

12 (7). — ^Hind-wing with Sc Ri connected with cell by a cross- 

vem or basally approximated to Rs beyond the cel 

13 (14). — Sc -f Rj connected with cell by a cross- vein : no proboscis . 

“ ■ '“‘1). — Sc -h Rj basally approximated to Rs beyond the cell : 

1 A 


The Bombycoidea or '' frenulum-losers " are chiefly distinguished by the 
loss or the absence of characters. Their main feature is the atrophy of the 
frenulum and, correlated with it, the basal widening of the humeral area of 
the hind-wing. A frenulum occurs among the Callidulidse and some Bomby- 
cidae, but elsewhere only vestiges occasionally persist in the superfamily. 

fa: 1. LASIOCAMPIDiE (Eggars, Lappet-moths). — ^Usually moderate to large 

sized densely-scaled moths, with stout 
bodies, and the humeral lobe of the 
hind wings prominent. The proboscis 
is atrophied, there are no ocelli, and 
the antennae are bipectinated m both 
sexes. These insects are widely dis- 
tnbutedbut absent from New Zealand 
and are most abundant in the tropics. 
The eggs are smooth and oval, and 
the larvae stout with a more or less 
dense clothing of secondary hairs 
which obscure the primitive setae. 
They are often provided with lateral 
downwardly directed hairilanges, and 
hairy subdorsal tufts or dorsal humps 
on ^e anterior segments. The full 
number of abdominal limbs is present, 
and the crochets are biordinal arranged 
in a mesoseries. The pupae resenmle 
those of the Bombycidae but difier 
in the presence of an epicranial suture 
and in the labial palpi being uncon* 
cealed. The body is provided with 
numerous setae and there no cre« 
master. A dense, rather firm, oval 
cocoon of hair and silk is commosUy 
present and met with above ground* 
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^OimVOOIDEA 4S9 

Schtk. (9 ^ «mAll g^nus of l«i:ge moths common in Ei^rops its 
are usually swift fliers in sunshine : most members of the family, however, are noc*** 
tumal. M^acosoma nensiria L. is the Lackey moth of Europe, whose larvee live 
gregariously in webs during their earlier stages, and are very destructive to the foliage 
of &uit trees. The larvae of JVf . amertcana have a similar habit and are commonly 
known as “ tent-caterpillars,'* their webs measuring 2 feet or more in length. 

FAM. SATURNIID^. — In this family (which includes the Hemileucidae) the 
antennae are prominently 
bipectinate in both sexes, 
the rami being longest in 
the males ; the labial 
palpi are minute and there 
is no frenulum. It in- 
cludes a number of large, 
or very large, cxopical in- 
sects with but few repre- 
sentatives in temperate 
regions : almost all are 
characterized by a trans- 
parent eye-spot near the 
centre of each wing. The 
only British species is the 
Emperor moth Satumia 
pavonialji, (carptmScYii&,)\ 

S. pyti Schiff. IS the largest 
European Lepidopterous 442*^ ^ ttaovb atlas, Male, India x J. 

insect. A ttacus L. ranges Hampson (F.b i.). 

from Mexico and S. 

America to Africa, and throughout the Oriental region to Japan. A. atlas L. (Fig. 
442) and / 4 . edwardsi White are among the laigest moths in the world, the females 
having a wmg-expanse of about 25 cm. Satumiad larvae are very highly special- 
ized (Fig, 443) : they are stout and smooth and differ from most other families 
in possessing' scoli or at least rudiments thereof. The position and number of 
the scoli vary very greatly in different genera, and for a detailed study of their 
arrangement reference should be made to Fracker's paper (1915) ; in Saturnia they 
are subequal in size on all the segments. The pupae have the antennae broadly 
pectinate in both sexes, with the axis of the flagellum very prominent. The maxills 

are always short, not more than 
^rd the length of the wings, and 
the cremaster, if present, is very 
short. A dense Arm cocoon is 
always formed and is very 
characteristic of the family : 
several species yield silk of com- 
mercial value. Antheraa yama^ 
mat Guer. is the Japanese oak 
silkworm which is reared on a 
large scale in that country, and 
Fig* 443. — Samia omobobia. Larva. was introduced into Europe in 

A/ter Riley. i 86 i. A. pemyi Guer., the 

Chinese oak silkworm, yields 
Shanting silk which is pale buff in colour and largely exported. A, paphia L, and 
assama Westw. are pol3T>hagous forest-inhabiting insects. A, paphia is uni- or 
bi-voltine and very distributed through the oriental region : it yields the brownie 
Tasar silk. A, assama is a multivoltine semidomesticated species chiefly found 
in Assam : it yields Muga silk which is mainly used loc^y. Pkihsamia ricini 
Hutt. and P. cynthia Dm. are very closely related multivoltine species. The former 
is extensively domesticated and its larvs are reared on Ricinus communis. It yields 
Eri silk which is white or brick-red but not reelable and is maiflly used locally 
Assam and Bengal. P. eynikia occurs wild in India and China but is also domesti- 
cated and has hstn introduced into various parts of the world including Europe and 
19 . America. Telea Polyphemus (N. America) also yields silk which can be coming*' 
tiially utilised. The biology of a number of species is described and tbeir metanaosr- 
phenes figured by Cotes (Ind. Mus. Notes 2, pt. 2) and by Andre ('* Elev^e des vere 
a total tauvages '*} ; notes on many sUk-producing apecies are given by Wailly {Enim. 





a'SatsiBrniid^ 

. ■■.;■ 'CAM* BRAHMi^BlD^ti^A Veiy Btnall group of Ixopical iuoths relAtud to'Cke 
^Suturniidae, but readily distinguishable by the presence of a proboscis, and the latge 
,, upturned labial palpi. They are large, sombre-coloured insects with very complex 
' wing-patterns, and the antennae are bipectinated in both sexes. Brakwaa Wife; 
^jis«sUrs in Africa and through southern palaearctic Asia to China : the life history is 
iS^llcribed by Packard (1914). ; 


-w , CERATOCAMPlDiB (Citlieroiilidss) . — ^Lairge or medium-sized moths 

W:ydth stout hairy bodies, and powerful wings. The antennae are bipectinate for abcUit 
' ^ their length only, and both proboscis and tibial spines are present. The fatally 
Is a small one, unknown in Europe, but well represented in N. America. The lai^as 
thinly hairy, and are airmed with unbranched scoli on the ist to 6th abdominal 
isegments, and a large medio-dorsal scolus on the 8th segment. The pupae are rongh- 
“ ened with spines on the thorax and abdomen, the metathorax is provided with oblong 
' . lateral tubercles, and the cremaster is bifurcate. Transformation occurs in the 
ground, no cocoon being formed. For a monograph of the family vide Packard 



Fig. 444. — Eoptebote eabia, Male, India, x f. 


AfUf Hampsoa (P.B.I.). 


l'p 90 S» 1914) : keys to the larva are given by Fracker (1915), and the pupae have been 
;^a^wd by Mosher (1914). 

PAM. LACOSOMIDiE (Perophoridas) . — ^These insects are moderate sized rather 
\«tont bodied moths found in N. and S. America. Their affinities are doubtful aud 
have been placed as exceptional members of the Brepanidae or Psychidae. . They 
||^i lemarkable on account of the larval habit making suspended protective cases 
the leaves of the food plants. In some instances the case is only constructed by 
^1^ n^ature larva, the latter living previously under a web, and in at least one species 
Mi^larva constructs a covering of its own excrement. There is a considerable literature 
oa these larvae and further information is given by Sharp (Ins. pt. 2). The tife<^history 
J^acoscma chiridota Or. is described by Byar (Joum, N, Y, Ent. Soc. 1906). v 
PAM. BOMBYCIDiP (including Eupterotlcte). — In this group a h^uluW h 
^^hmlly present in Eupteroie (Fig. 444) and its alUes and absent in Bomhyx and related 
None are British and the family is mainly Ethiopian and Orieiital. The 
^ ajtttennae are markedly pectiiiate in both ^xes and the larvae are of two types. In 
'J^kroie, etc., they are tufted with long h^ and secondary setae ate always nunwons, 
distiiict verrucae axe wanting. In Somby» and its adlies the larvae ar^ glSfeT^ 

K Elongate, usually with a mediodorsal bom on the Sth abdominal ^gment I /^y 
L^ense silken cocoons. The larva of Bombyx mon L. is Ihe weU-khown sSkworm, 
lll^hahabitant of China which has become introduced into many parts of the world 
purposes. It is now entirely domesticated and is not known m 
Hi^rtate. A number of local rapes esdst, and these have been regarded.by 
^| W-aind others as distinct spec^. They differ chkAy in 







a MHAtiUnM to Geometrids. tlioy are chiefly Aincaa, bat the genus 
uihai^ w eastern Orient and is easily recognized by the long doable hatr-friags 
wMch adorns the inoor margin of the hmd-wings. The related family CAJLLIDUUDfll 
ate day-flymg moths, bearing a close resemblamce to certam Theclme or otiier butter^ 
flies. The hmiily is essentially Onental and does not occur in Europe. The BNDRO« 
MlPdt also require mention * the family includes only one species, Endromts versiador, 
which is a rather large day-fljnng moth, widely distnbuted in N. and C. Europe tmt 
extremely local in Britam. It frequents the vicmity of woods, its larvae feeding Co 
buch and other trees. Seitz also mcludes with it the anomalous species Affrfua 
ekristopkt of Amurland. 

Superfamily Papilionoidea (Fig. 426). 

AKTENNiB SLENDER, DILATED APICALLY FORMING A GRADUAL OR ABRUPT 
CLUB. LABIAL PALPI MODERATELY LONG, MORE OR LESS ROUGH-HAIRRO, 
TERMINAL JOINT RATHER POINTED. MAXILLARY PALPI OBSOLETE. FORE" 
WINGS WITH CU, ABSENT, M, USUALLY ARISING FROM OR ABOVE MIDDLE OF 
TRANSVERSE VEIN. HIND-WINGS WITHOUT FRENULUM : ^ CU, ABSENT ; SC -f R, 
ARISING OUT OF CELL NEAR BASE, THENCE STRONGLY CURVED AND DIVERGING. 


This superfamily includes those insects commonly known as butterflies 
and are frequently regarded as constituting a group (lihopalocera) of equal 
systematic value to the whole of the remainder of the Lepidoptera or moths 
(Heterocera). There is, however, no scientific justification for according 
to these insects any higher rank than that of a superfamily. They are 
characterized by the antennae being clubbed or dilated, the absence of a 
frenulum auid by the humeral lobe of the hind-wing being greatly developed. 
In other Lepidoptera the antennae are not clubbed or dilated except in 
infrequent cases, aind in such instances a frenulum is present. Euschemon 
is often regairded ais a moth and either given separate family raink or placed 
in the C^tniidae. Recent research, however, indicates that it is pro- 
bably the most archaiic of all butterflies and a member of the Hesperiidae. 
A frenulum is present in the male but absent in the female and, as Tillyard 
has pointed out (1918), if the nature of the wing-coupling apparatus be the 
criterion relied upon, the male of Euschemon is a Irenate moth and the female 
a butterfly ! The Papilionoidea are a tolerably natural group, but there it 
no general consensus of opimon as to their phylogeny. Both Hampson and 
Meyrick regard them as being derived from the Pyraline family Thjnididaa 
while other authorities derive them from the Castniidae. 

Key to the families : 

X (xo). — ^Fore-wings with two or more veins stalked or comcident : 
club of antennae rounded. 

2 (5). — ^Antenor legs of male useless for walking. 

3 (4). — ^Anterior legs of female useless for walkmg. 

4 {3).— -Antoior legs of female wdU developed. 

5 (2). — ^Antenor legs of male well developed. 

6 (7), — ^Anterior tarsi of male more or less abbreviated or with one or 

both daws absent. 

7 (dl.— Antenm: tarsi of male normal, claws developed. 

6 (9).— Hind-wings with a smgle anal vem. 

‘9 (S). — ^Hind-wing with two anal veins. 

M (tj^-r-Fcne-wuig with all the veitis present and separate ; club of 
' antenaae terminated by a recurved hook. 

.. i r — 

tt I l7vmM94i< 4*« 


NymphaHdst 

Hraieo&s 
(P- 464) 

Lycaenids ' 
(P- 464) 

Papihooidm 

- • 

jrionaaB 

_(p- 46^ 



mnixmesLA 

FAM. IWl^HAUDAC^The domiiUMat lamlly lol the buttedUds and one of tibe 
largest of all Lepidoptera, including about 5^000 described q>ecies. The fore^legs in 
both sexes are reduced in size, usually folded on the thorax, ana functionally impot^t : 
the tibias are short and clothed with long hairs, hence the name of brush-footed ** 
butterflies. 

The Danainae (Euplociinae, Limnadidae) have the antennal club often but little 
pronounced, and ^e whole antenna is devoid of scales : the fore-feet in the female 
terminate in a corrugate knob. The larvae are smooth and cylindrical, with two to 
four pairs of fleshy processes, at least on the mesothorax, and often on one or more 
of the abdominal segments. They are all very strikingly marked with black and 
yellow, red, or green. The imagines have developed what must be, to our senses at 
any rate, an acrid disagreeable odour and taste, accompanied with a leathery consist- 
ency of body which evidently protects them from insectivorous enemies. In the 
majority of forms secondary sexual characters in the form of androconia, tufts of 
hairs, etc., having pecuhar odours, are prominent (Bingham). The sub-family occurs 



Fig, 445 — Fore-legs of Papilionoidea. 

male : b, female I, Danaiiue : II, Satyrinas ; III, Nymphaltnee , IV, AcreituB , V, LibytheinaB ; VI, NemeoUdie; 
VIl, Papiliomda , VIII, Pienda , IX, Lyc^nida , X, HesperudaB After Bingham (FBI). 

in all warmer regions and well-known genera are Danais, Euplma (Fig. 446), and 
Amauris. 

Th^ Ithomiinas differ from the Danainas in that the female has a true though some- 
what shortened fore-tarsus. The antennae are devoid of scales and the wings arc 
elongate, often in great part translucent, and thinly scaled.* The sub-family is neo- 
tropical, and many species exhibit colour resemblances to the Hehconinae or to tiic 
Piaridae. 

The Satyrinae (Agapetidae) are a world-wide group which includes the common 
"Meadow-browns," "Heaths," "Grayhngs" and "Marbled Whites." They axe 
easily recognizable by certain of the veins at the base of the fore-wings being greatl3? 
swollen, and by the strongly adpressed palpi. They are small to medium-sized butter- 
flies, frequently some shade of brown or tawny in colour, with a variable numbei 
of eye-hke or annular spots. Their powers of flight are not greatly developed, and 
they are largely shade-lovmg insects, cryptically coloured on the underside. The 
bmm feed mostly upon Gramineae : they are fusiform and green, yellowish, or brown 
marked with longitudinal lines. In appearance they bear a resemblance to NoctUid 
The head is often bilobed or homed, the proihorax constricted, and the bod^ 
it clothed with small papillse bearing short secondary setae. The segments are divided 
imto atmulets, and the suranal plate is bilurcate, bearing a pair of short baokwardljf 



directiMl fttocesaei. Thd pupa ^ «Uxiilar ia general {orm to those of tha Nytophalin^ 
bot ate devoid of tnber^s, and have few prominent ridges. They are generaUy 
suspended by the cremasteri and there is no median silken belt : a few are sub^rranean 
and* in some cases* they construct a slight cocoon or cell. Erebia is characteristiQ 
of the Alps of Europe* but also occurs on the mountains of Asia* S. Africa and N. 
America : two species inhabit N. Britain. In Melaniits F. the bases of the veins of 
the fore-wings are normal and not swollen. M. ismene Cram, extends across the 
southern half of Africa through the Oriental region to Australia : it has both wet 
and dry season forms and numerous local races. The Neotropical genera Cithmnas 
and Hatera have delicate transparent wings* with the scales almost wanting. 

The Morphinse are exclusively tropical* and have the discal cell in the hind-wings 
open ; there is also a cradle-hke depression along their inner margins for the reception 
of the abdomen. The species of Morpho are large* and have an extensive wing- 
expanse in proportion to the size of the body. They are brilliant metalhc blue insects 
peculiar to the forests of tropical America. The eastern representatives of the group 
do not equal their S. American allies either in size or brilliancy. 

The Brassolinae are likewise neotropical* and are ve^ large insects with the discal 
cell of the hind-wings closed. They are deeply and richly coloured* and the under 
surface is marked with eye-spots and intricate 
lines. Caligo is one of the most familiar genera. 

The Acrseinse are essentially African insects and 
the majority belong to the extensive genus AcYisa : 
a few are Oriental and S. American. The wings 
are elongate and sparsely scaled* or more or less 
diaphanous. These insects appear to be largely 
immune from insectivorous enemies in all stages, 
and the imagines readily exude a nauseous fluid. 

The females in certain species develop an ab- 
dominal pouch very much as in Parnasstus (vide 
p. 466). 

The Helicomnae form one of the most character- 
istic groups of neotropical butterflies and are 
peculiar to that region. The fore-wings are 
about twice as long as broad ; the fore-tarsus in 
the male is elongate and single-jointed* and 
4-jointed in the female. They are medium-sized 
insects, many of which are stated to be protected 
owing to possessing nauseous or evil-smelling 
properties. They are closely related to the 
N3niiphalinae in all their stages* but the imagines are readily distinguished by the 
closed discal cell. 

The Nymphalinae constitute the largest of the sub-families : the discal cell in both 
pairs of wings is very often open or closed only by an imperfect vemlet. The palpi 
are large and usually broad anteriorly. The fore-tarsi in the male are unjointed and 
in the female four or five joints are present. In Britain, as in most parts of the world* 
they constitute the dominant group of butterflies and include the “ Fritillaries ** 
{Afgynnis, Brenthis, and Meliiaa) ; the “ Tortoiseshells " and ** Peacock " {Vanessa ) ; 
the " Purple Emperor *' (Apatura) and other familiar insects. The larvae are almost 
always cylindrical and armed with numerous scoli. In Apatura and Charaxes they 
are smooth with tentacle-like processes on the head* and a pair of posteriorly directed 
anal processes. Muller (1886) gives a very complete account of the metamorphoses 
of many Brazilian species* and discusses the significance of colour pattern and its 
relation to the scoli. The pupae are very characteristic and are often armed with 
prominent tubercles on the surface of the body : there are usually seven rows on 
the abdomen^ and there is a pointed projection on either side of the head in many 
species. The pupa is suspended head downwards by the cremaster* unsupported by 
a median girdle. Among the more notable species may bo mentioned the central 
European Araschnia levana which produces two annu^ generations so dissimilar 
that they were formerly regarded as the two species* A , levana and A . profsa. Pyrameiii 
4afdui^ the ** Painted Lady**' is probably the widest distributed of all Lepidoptera. 
Apaiura occurs over the northern hemisphere, and is represented in Bntain by A . frit, 
which is local in oak woods of the southern counties. The Indo-Malayan KaUima 
Includes the ** leaf buttorflies*'* remarkable on account of the extraordinarily perfect 
nsaemblance to leaves which is exhibited by the under surface of the closed wings, 
indudes large butterflies very widdy distributed through the eastern hemi- 
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^ ^v«r f «ooo species which are characteristic d the neotropical region* A few . ^ 

in the United States and approximately xoo occur in 'riie eastern hemis^liW!^'; 
I^air the most part they are small butterflies, wirii short broad fore-wings, and the 
'.legs in the male are imperfect and brush-like, with one-jointed tarsi devoid of cla^ii? 
in the female the fore-legs are functionaHy paiect but distinctly smaller tfaan:^:'. 

pairs. The vast majority of the species belong to the sub-family Nen^ 
l^dnas (Riodiniinas) which has a single European representative, Nemeohitts ludnsik 
'!T^ latter insect extends its range into Britain where it is local but not rare. "llMi. 

. Llbytheiinse may be easily recognized by the very long and closely approximate 
palpi. The widely distributed genus Libythea includes a single pakearotic 
spades L. celHs, which occurs in central Europe. The aflinities of this sub-famS);; 
m,ve given rise to much discussion, and certain authorities relegate it to the NytU'^ 
pbalito while others regard it as forming a sepamte family. The Nemeobiinse on 
other hand are more nearly related to the Lycsenidae. The larvae of the Lib3^eiind 
' bear considerable resemblance to those of Pieridae : each segment is divider into 
annulets, and numerous secondary setae are present. \ The 
pupae are short and smooth and suspended perpendiculjarlyi 
La^ae of the Nemeobiinae exhibit marked diversity of f 
in some cases they are onisciform, attentuated at the extxte 
ties, and covered with a variable development of secon^ 
setae. Both larvae and pupae resemble those of the Ly 
rather than any other family. 

FAM. LYCiENIDiB (Blues, Coppers, Hair-streaks). — 
family of small to moderate-sized butterflies well represented, 
in most regions. Over 280 species are palaeaxctic, and 18 have 
been recognized as British, though several are either no longM: 
met with or are casual and extremely rare. The predominant' 
colour of the upper surface of the wings is metallic blue or 
coppery, dark brown, or orange ; on 'ttie under side colom^ 
tion is more sombre, with dark-centred eye-spots or delicate^ 
streaking. The antennas are ringed with white and a rim of 
white scales surrounds each eye ; the hind-wings are to- 
quently provided with delicate tail-like prolongations. The 
legs are all functional and used for walking but, in the males, 
the anterior tarsi are more or less abbreviated, or with one or 
both claws wanting. The sexes frequently exhibit great- 
differences in coloration ; thus in Lyccena agon, for example, 
the male is putplish-blue and the female dark iridescent 
fuscous and, in L. oorydon, the male is pale shining blue and. 
tipKtun of jitend; b, the female iridescent brown. The great majority of the laxw 
axe onisciform, tapering towards the extremities, and with 
broad projecting sides concealing the limbs (Fig. 447)* This 
type of body-form resembles that of Zygana more than 
other Lepidoptera. Secondary setae axe usually numerous, but some larvM 
toooth or dorsaUy corrugated ; many are clothed with a short pile, others arUf 
with bristle-bearing verrucas and a few axe hairy. The pupa is xelativrtjr 
' ilKfiit stout, anteriorly rounded, amd with little or no foeedom of motion in iw’' 
laliddimnal segments, which fit together to form a smooth surface. Generally IS. 
l^jMtlKCliad at the anal extremity and secured by a central girth of silk : there Wit ^ 
IhWver, a number of exceptions and in some cases the pupa is subterranean. 

account of the metamorphosis of several species of the faxnily the stu<knt is refeww 
jfo a Series of papers by Chapman {Tfctns, JEnt, Soc^, The larvae 

'iaaes are known to be carnivorous : that of Gorydus chtnmsis Fsld. feeds upon apm|m 
Clifoa (Kershaw, Trans. Ent Soc., 1905)* tyctma arion (Europe) is phyto] ‘ 
I0 the last instar when it enters nests of Myrmica and beocuncs carnivorous 

the ant larvae (Chapman, Trans^ Eni, Soc., larva' of the AsMpiK; 

iarpftmus is wholly carnivorous feeding iqxm woolly Aphids {Briosoma, el;c 4 » 
that of Spalgts epius is recorded by Greoi as preying vLpOR Coccids. IjarW 
species are ffequmxtly sought after by ants, who use th^ antennae to shwa 
iiiSi induce them to yield drops of fluid secretion. The latter is 
t of a dorsal g^aad sitaated on the 7th abdominal segment (vide 
(N-Y. Em, Sac,; 20). The Indo^ustraUBti LiphyrabrasseUs Weetwr ** 
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of its staiEds (Clusisnan» Ettiom., 190#, *9^3). Its I 

iiatd sniooth mtimsed comings devoid ctf e^dent segmentation : the jaws ate sharply 
toothy jmdi adapted for tearing and piercing rather than mastication. This curious 
larva is round associated with CEeophylia smaragdina and is believed to prey upon the 
brood of the lattcn, its hard covering serving as a protection against the ants. Pupa* 
tkm takes place in the larval skin : the pupa shrinks away from the cuticle and is 
loosely enclosed in the puparium thus formed. The newly emerged imago is covered 
with a number of loosely attached scales which may serve as protection against the 
ants» as they certainly cause the latter trouble when enveloped by them (Dodd, 
EfUom., 1902). Euliphyra mirifica HoU. similarly frequents nests of the same ant 
in W. Africa, and its greatly modified larva has been described by Eltringham (Trans^ 
EnU Soc„ 19x3). 

FAM. PIERIDdS (Whites, etc.).— Included in this family are some of the veiy 
commonest of all butterflies ; they are mostly of medium size and usually either white, 
yellow or orange marked with black. The six legs are well developed and similar 
in both sexes, and the claws of the feet are bifid or toothed. Several taxonomists 
have united this family with the Papilionidas, to 
form a single group, but the distinctness of the 
characters in the two cases does not appear to 
warrant this procedure. The larvae are rather 
elongate with the segments divided into annulets, 
and the body bears numerous secondary setae 
varying in size : the crochets are bi- or tri-ordinal 
arranged in a mesoseries. The larvae are further 
characterized by the absence of osmeteria, fleshy 
filaments and cephalic or anal horns. 

The pupae are suspended in an upright position 
attached by the caudal extremity and a central 
band of silk : they may be readily distinguished 
by the single median cephalic projection or spine, 
and the hmd-wings are not visible ventrally 
(Mosher). Pirns includes the common White or 
Cabbage butterflies whose larvae, in several species, 
are extremely destructive to cruciferous vegetables 
in Europe and N, America. In this respect Pieris 
rapes is probably the most injurious of all butter- 
flies. Larvae of other members of the family feed 
chiefly on plants belonging to the Leguminosae 
and Capparidaceae. Euchloe and Synchloe include 
the'* Orange Tips," Colias the " Clouded yellows " 
and Gonepteryx the " Brimstones or Sulphurs " ; 
all are characteristic of the northern hemisphere. Certain species of Pieridae have the 
habit of migrating in large numbers, which has attracted the notice of travellers in 
many parts of the world. No satisfactory reason for these flights has been put 
fbtwmrd ; clouds of butterflies chiefly of Appias and Catopsilia may stream past the 
observer for hours at a time, all going in one direction (Bingham). 

FAM. PAPILIONIDiE (Swallow-tails). — An extensive family of pre-eminently 
tropical butterflies including some of the most magnifleent of aU insects. About 
800 species are known ; less than 70 of these are palaearctic, and about 30 rang9 
into America north of Mexico. In the British Isles tne sole representative is PapiUo 
machaon which is local and now restricted to certain fenny districts in East Anglia^ 
The wings of these insects are extraordinarily variable in shape and, in the majority 
of species, the hind pair is provided with conspicuous tail-l^ prolongations which 
are marginal extensions in the region of vein M,. The prevailing ground colour Is 
geoexslly black, strikingly marked with shades of yellow, red, green or blue. The 
larve are smooth or provided with a series of fleshy dorsal tubules or soxnetiines 
with a raised prominence on the 4th segment. Except in Pamassius, in which second* 
ary setae and verrucae are evident, the body is practically dev^ of setae. An 
osmeterium is situated on the prothorax (vide p. 423) and when retracted its presence i 
is revealed by a dorsal groove through which it is everted. The pupae are variable 
in locm : the head bem two lateral cephalic projections and the hind-wings are 
vin&le ventrally. Suspension takes place at the caudal extremity in an 

and the pupa is further secured by a median silken girdle. In Thais fbepe * 
P aa welt aa an anal attachment and Pamassius is exceptional m that 



Fig. 448. — Lifseta ssABsoLiB x f* 
After Bingham (F.B.X.). 
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of many species of the family have the sexes extraordinarily diiSerent both in iorm 
and colour, and often in habits also. In numerous instances the females are poly- 
morphic while, in other cases, this peculiarity extends to both sexes. As examples 
may be mentioned the Oriental Papilio memnon which has three distinct forma in 
each sex and two of these in the female are tailless. The North American IphicHdes 
ajax has three distinct seasonal forms, viz. those appearing in early spring, late spring 
and summer. The African Papilio dardanus (mefope) is represented by different races 
or sub-species in various regions of that continent, and each of these possesses from 
one to five different forms of the female which, for the most part, are close mimics 
of certain Danaine butterflies. The greater number of the species of the family are 
included in the genus Papilio : those of the Ormthoptera group comprise the finest 
of all butterflies and they form the subject of a sumptuous monograph by Rippon 
{leones Omithopteroruni). In the oriental genus Leptocircus the fore-wings have a 
transparent scaleless band, and the tails are exceedingly long. Parnasstus occurs 



Fig, 449. — Anal Pouches (Ventral and Lateral Aspects) of Three Species of 

Pasitassius, 

After Bingham (P.B.I.). 

in the mountains of the holarctic region chiefly in Central Asia. Both pairs of wings 
are diaphanous, with few scales, and the tails are wanting. During copulation the 
females develop a corneous anal pouch exhibiting specific variations in form (Fig. 449). 
This genus also differs from other Papihonidae in its venation and metamorphosis and, 
for this reason, is sometimes placed in a family of its own. 

FAM. HESPERIIDiE (Skippers). — ^These insects derive their popular name from 
their erratic darting flight which is Afferent from the more sustained aerial evolutions 
of other butterflies. They form an extremely large family, generally distributed, 
but not ranging into New Zealand (vide Mabille and Boullett, Ann, Soi, Nat, 16 ; 
also Gen. Insectorum fasc. 17), The Hesperiidse are the most distinct of all Papi- 
lionina and there is much to be said in fiivour of their separation to form a super- 
family of their own. Reuter regards them as constituting a sub-order — the Grypo- 
cera, but this view is based upon an exaggerated value ascribed to their distinguishing 
features. The antennae are relatively widely separated at their bases, and their apices 
are generally prolonged beyond the club to form a small recurved point. The abdomen 
is stout, the wings are proportionately less ample than in most butterflies, and the 
venation of a markedly distinct type. As a general rule the larvae are moderately 
stout and taper towards both extremities ; secondary setae are small, or absent dor- 
sally, and the crochets are triordinal arranged in a circle. In the Hespeninae the 
head is large and attached to a strongly constricted ** collar ** while in the Megathy- 
xniinae it is small and partially retractile (Fracker). They frequently live concealed, 
drawing together leaves by means of silk, or inhabit webs or galleries : those of the 
Mega^ymimae are boren». The pupa is devoid of angular points or projections and 
is usually enclosed in a slight cocoon among leaves : in other cases it is exposed and 
attached by the caudal extremity, and also by means of a median band of silk. The 
eggs are spherical or oval, flattened beneath, smooth or reticulated, and sometimes 
ribbed (Meyrick). The vast majority of the species belong to the Hesperiinae and eight 
are indigenous to Britain. The Megathymiinae include the Giant Skippers which have 
the apex of the antennae devoid of a recurved point, and the wing veins are peculiarly 
specialized and greatly strengthened in the male. The group is mainly a tropical one 
and unrepresented in the pakearctic region. The Euschemoniinae are often regarded 
as a family of moths, the zi^es possessing a frenulum. Eusehemon is the most archaic 
of all butte^es and according to TiUyard (19x9) its larvas and pupae exhibit definite 
Hesperiid characters. 
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Snpedamily G«Mil«troidea 

MAXILLARY PALPI VESTIGIAL OR ATROPHIED. TYMPANAL ORGANS IN BASE 
OF ABDOMEN. CU| ABSENT FROM BOTH WINGS : FORE-WING ALMOST ALWAYS 
WITH Mt NOT NEARER M, THAN M| AT BASE AND WITH XA -|- 2A FORMING 
A BASAL FORK. 

Table of families : 

1 (4). — ^Hind wings with Sc + Rj approximated, or partly joined, 

to Rs beyond the cell. 

2 (3). — ^Fore-wing with M, basally approximated to M3. Drepanidae 

(p. 467) 

3 (2). — ^Fore-wing with Mg not nearer M, than Mg at base. C3rmatophoridse 

(p- 467) 

4 (i). — Hind-wing with Sc -f Ri remote from Rs beyond the cell. 

5 (8). — Fore-wing with R* R5 remote from R, -f R, and 

usually stalked with M|. 

6 (7). — Frenulum absent. Uraniidse 

(p. 468) 

7 (6). — Frenulum present. Epiplemidas 

(p. 469) 

8 (5). — Fore-wing with R4 4-R5 connected with R, -f RgC hind- Geometridae 

wing with Sc 4* Ri furcate at extreme base. (p. 467) 

FAM. DR£PANIDi£ (Drepanulidae : Hook Tips). — rather small family mainly 
developed in the Tndo-Malayan portion of the oriental region. Its members exhibit 
considerable diversity of structure and, as a rule, have the apex of the fore-wing fal- 
cate. The eggs are rounded-oval with the surface finely punctured. The larvae are 
somewhat slender witliout the claspers on segment 13, and the anal extremity is pro- 
longed into a slender projection which is raised in repose ; certain of the other segments 
are often humped. The pupa is enclosed in a cocoon, usually among leaves above 
ground. Drepana Schr is the chief genus with 0 palaearctic species. Cihx Lch. 
has the fore-wings non-falcate, the frenulum is vestigial and there is no proboscis ; 
C. glaucata Sc. is the only species and is holarctic in distribution, 

FAM. CYMATOPHORIDi® (Polyplocidae) . — A relatively small family resembling 
the Noctuidae and mamly restricted to the northern hemisphere. Thirteen genera 
are palaearctic, four being represented 
by common species in the British Isles, 
the most familiar being the “ Buff 
Arches " (Hahrosyne derasa : Fig. 450) 
and the “ Peach Blossom " (Thyattra 
baits). The larvae are cylindrical and 
bear no secondary setae : the abdominal 
^cet carry biordinal crochets arranged in 
a curved mesoseries, and the claspers 
are reduced in size. Pupation occurs 
in a rather slight cocoon among leaves. 

FAM. GEOMETRIDiE (Carpets, 

Waves, Pugs, etc.).— A very large f,o. ^50 —HdBKotrNM bjikaba. Maus, Paubarc- 
family consisting of several thousand tic Region, x 

species which are almost always ji/ter Hampson (f.b.i.). 

<5 slender build with relatively large 

wings (Fig. 451). Their flight is never strong and, when at rest, the wings 
are often laid horizontally. Both frenulum and proboscis are generally present, 
but in a few cases either the one or the other may be wanting. In some genera the 
females have greatly degenerate wings or are completely apterous as in Anisoptevyx 
Stph., Cheimatobia Stph., Hybefnia I^tr., Phigalia Dup. and certain species of Bision 
Lch. The larvae are elongate and usually very slender ; as a rule abdominal legs are 
only developed on the 6th and loth segments and progression takes place by drawing 
the posterior somites close to those of the thorax, the body thus forming a loop. 
The whole body is then extended in the direction desired and the looping action 
repeated. In some instances abdominal legs appear on segments other than those 
normally carrying them. Thus in Himera pennaria a pair is present on the 5th aeg^ 
meat bat disappears with the fourth moult while in Anisopteryx mscularia they wte 
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Vena- 


4eM9tdoMdon tli« mna iM^eint mi pet^ iimlmfApmifid* ln^ Bw/iM 

Siliurp ataM that t^idimentary^^aMomiiial leet are pmaot ah <&e 3 M to 

segments in the newly hatched larva, mt 
attajn greater development when the 
latter is fully grown. It is evident that 
in this species the larva is much more 
a Noctuid than a Geometrid in its mor^ 
phology. The vast majonty of the larvas 
of the family bear an excitingly close 
resemblance to wigs, or the thicker veins 
of leaves, and can only be detected with 
difficulty when at rest. In the pupa 
there are no maxillary palpi, the first t^ 
pairs of legs are longer than in most 
other Lepidoptera, and there is often a 
deep dorsal furrow between the 9th and 
loth abdominal segments. A Slight 
cocoon is spun between leaves or the 
pupa is subterranean. The family is 
divided into six sub-families by Ham|^il 
while Me3nrick (1895) regards each div^ion 
as constituting a separate family under 
a different name. Over 3000 species 
occur in the palsarctic region andAof 
these, about 270 are British. In Bonr- 
mia, and its allies, a fovea is present on 
the underside of the fore-wing at the base 
of the anal region ; it is generally confined 
to the male, is often hyaline and some- 
times glandular. This structure is present 
in many species, and it is suggested by Meyrick that it may be a scent-producing 
organ. The posterior tibiae, also in the male, are often enlarged and contain an 
expansible tuft of hairs. Brephos, Anisopteryx and a few other genera are regarded 
Iw Meyrick as being the most primitive of all Geometers and constitute his fomily 
,lkitoocteniadae. Brephos has also been referred to a family of its own. while other 
authorities have regarded it 
as a Noctuid. The larvae of 
P.^leacrita are known as 
,C^ker\Vorms which are pests 
firuit and shade trees in 
America. Those of the 
' "Winter moth (Cheimatobia 
tnmaia) and of species of 
l^higaUa and Hybemia are 
! well known defoliators of 
^^ttiilar trees in Europe. 

FAM- URANIIDi®.— A 
|^ij«ry widely distributed but 
'Is^usively tropical family 
occurring in both the old stnd 
worlds. They are often 
slender-bodied moths, 

-'many of which are diurnal in 
bal^it. Chrysiridta, NycMa^ 

(Fig. 452) and Urania 
piclude exquisitely coloured 
inaects resembling Pj 
others 


ionid 
a 



Fig. 452. --NrcrdLMMOx fatmoolub, Male. India. 

(F.B.L). 


less to Geometrid moths. . ' ^ 

exhibit great diversity of structure but have the full nunsb^W 
ibdomliial limbs (Hampson, 18^5. vol. 3* Gosse, Entom. X 4 t ) : in ^ genwa 
■ ’ own to feed on Euphorbiaceae. Those of NycMamon and Eptcopeta: .^ 

. by Hampson : in E. palydora Westw. (Himalaya) the body is invested; 1 
covering of long white cottony filarhehts. In ChfysMMa Hpkeus 
‘iMture of black parooesses Trans* 




pQIP m mtsmem m cocoo&ft. Ttse 

Mtetw* b«9 a veertigial iiaimlaoi and ia filten relegated td a aepatate 

baa bm manograpbed by Janet and Wytsmann (G^n. Jns, id). ^ 
VAM. SI^IPLEMIDA^ — A group of about 550 inconspicuous species, only doubts' 
liQiy separate from the Uraniidae. They occur on all continents but are greatest 
developed in Papua and adjacent islands. They commonly rest during the day 
iijidth the f(n'e*vrings rolled up in a peculiar manner while the hind pair is applied to 
the sides of the bc^y : in this attitude they resemble spiders. 



Superfamily Sphingoidea 

ANTENNiB GRADUALLY THICKENED INTO A CLUB WITH THE APEX POINTED/ 
AND USUALLY HOOKED. PROBOSCIS AND FRENULUM ALMOST ALWaW 
STRONGLY DEVELOPED. CU, ABSENT FROM BOTH WINGS. FORE- WING WITJtt; 
Ml FROM STEM OF Rg-s OR BASALLY APPROXIMATED TO IT. HIND-WING WITH' 
SC -f Ri CONNECTED WITH CELL BY A CROSS-VEIN (Ri) AND APPROXIMATED 
TO RS BEYOND THE CELL. T^^MPANAL ORGANS ABSENT. 

A somewhat isolated group with a single family whose affinities lie toward 
the Notodontidae. 


FAM. SPHINGIDiE (Hawk Moths). — An important family of moderate-sized to 
very large moths, in- 
cluding at least 800 
species, which are dis* 
tributed over almost 
the whole world. It 
is essentially a tropical 
group which is repre- 
sented in the British 
Isles by 8 genera and 
17 species. Deilephila 
Uneata F. is cosmo- 
politan and others 
such as Acherontia 

apropos L., Daphtds 
nerii L, and Proto^ 
parce convolvuli L. 

(Fig. 453) have a very 
wide geographical 
range. The imagines 
are easily recognizable 
by the elongate fore- 
wings and their very 
oblique outer margin. 

The antennae are Fio. 453. — Pmtopakoe contolvuli, Malb a.nd Vbnatioh 

thickened towards or Hind-wing, x I* : 4 

beyond the middle Hmmpson (F.b.i.>. 

and. are pointed at the / v ;: 

apices which are nearly alwa3rs hooked : in the male the antennae are ciliated 
partial whorls. The proboscis may be developed to a length which is not attained ' 
by any other Lepidoptera, but it is very variable. In Cocytius (tropical Amarlc^l/f; 
it measures 25 cm. long while the opposite extreme is found in Polypiychus in 
it is reduced to a pair of tubercles. The frenulum and retinaculum are present 

g neratized forms, but in some instances they are reduced or vest^al. In 
umming Bird moths (Macroghssa) and the Bee Hawk moths [Hemaris) the apex .of . 
Ibe abdomen is provided with an expansile, truncated tuft of hairs. In the latter , 
fet^s tjlie disc the wings is transparent, the fugitive scales present on newlj^-; 
enierge^ npecianem being very quicldy lost. Sphingidss have an exceptionaQjr 
pow^ul flight and hover over flowers as they feed on the wing ; most are 
tr^scular and nocturnal but a few [Mmroglossa, Hemaris^ Fie.) are diurnal. , '. .j 
/ Tbe larvae are smooth, or with a granulated skin, but the. latter feature is 
<ni]y present in the first instar. The 8th abdominal segment almost always bean an 
owqtiely projecting dorsal horn— relatively longer in the first than the later inatana 
occurs fne in a cell in the ground nr in a very loose cocoon on the surface;; 
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between leaves, etc. The 5th and 6th abdominal segments aie free and there is 
always a cremaster. Various methods of accommodating the proboscis are notice* 
able in the pupa and in some genera this organ projects £rom the body in a conspicuous 
manner so as to resemble the handle of a pitcher. 

The Death's Head moths {Ackerontia) are remarkable in several respects ; the 
imagines have been noted to enter bee-hives to rob them of honey, and they possess 
the faculty of sound production. The note emitted is a shrill chirping sound and 
many hypotheses have been advanced to account for it. The literature thereon is 
fully discussed by Tutt (1899) ; the sound was originally attributed to friction but it 
seems probable that the real cause is the forcing of air through the proboscis, though 
the source of the air has not been ascertained (Rothschild and Jordan). The imago 
is occasionally audible before emergence from the pupa, but the larva emits a dif- 
ferent type of sound. Most observers agree that when irritated it produces a series 
of rapidly repeated cracking *' notes resembling those emitted during the discharge 
of successive electric sparks, and the sounds are made by the mandibles when sharply 
brought together. The pnncipal works on the family are those of Rothschild and 
Jordan (1903, 1907). For a general study of the larvae, consult Forbes (Ann, lEnt, 
Soc, Am,, 1911), while the larval colour changes and their significance are discussed 
by Piepers (Tijd, Eni, 40) ; for the life history of P, convolvuli, vide Poulton (ia88). 

Superfamily Noctuoidea 

MAXILLARY PALPI MINUTE. TYMPANAL ORGANS PRESENT IN META- 
THORAX. CU* ABSENT FROM BOTH WINGS ; FORE-WING USUALLY WITH M* 
BASALLY APPROXIMATED TO Mg AND WITH I A -f 2 A NOT FORMING A DEFINITE 
BASAL FORK. 

Table of families : 


1 (2). — Fore-wing with M, parallel to M, or approximated to Mj. 

(i). — ^Fore-wing with M, basally approximated to Mg, 

(4). — Sc + Ri fused with Rs. 

(3). — Sc H- Ri not fused with Rs. 

(6) . — Proboscis atrophied . 

6 (5). — Proboscis present. 

7 (8). — Hind-wings with Sc + R^ anastomosing with the cell to 

near or beyond the middie. 

8 (7), — ^Hind-wings with (a) Sc -f- Rj anastomising with the cell 

near the base only or (h) connected with the cell by a bar. 

9 (12), — Hind-wings as in 8 (a). 

10 (ix). — ^Antennas with the shaft more or less dilated distally. 

XX (10). — ^Antennae with the shaft not dilated. 

X2 (9). — ^Hind-wings in 8 (6). 


Notodontidae 

(p- 470) 

SyntomidsB 

(p- 471) 

Lymantriidas 

(p- 473) 

Arctiidae 

(p- 471) 


Agaristidas 
(P- 471) 
Noctuidae 

(P- 471) 
Hypsidas 

(P. 473 ) 


PAM, NOTODONTIDiB (Prominents, etc.). — Insects with moderately stout 
bodies and rather elongate fore-wings : they are generally distributed but absent 
from New Zealand and poorly represented in Australia. The imagines are exclus- 
ively nocturnal, and are often attracted to a light, otherwise the various species are 
usually only obtained as larvae. A large number of the larvae of this family are well 
Agured by Packard (1895) ; they mostly feed exposed on trees and shrubs, seldom 
anectii^ herbaceous plants. According to Fracker all exhibit secondary setae on the 
abdominal limbs and, in some genera (Phdlera, etc.), thes^ setae are present on the body 
also. The anal claspers are frequently modified into slender processes which are ^ected 
when in repose : the latter habit is adso exhibited by Noiodonta which hais the clatspam 
unmodified. The pupa only exhibits a small proximal portion of the labial pdpi« 
maxillary palpi are absent, and the maxillae do not reach the caudal margin of the 
wings ; the abdomen is punctate and a cremaster usually present (Mosher). NoUh 
r igenun O. is characteristic of the temperate redone of the northern hemisphere and in 
ViMi |[enu8, Lophopteryx Steph., and others thexe’is a tuft of projecting scalesf on fh8 
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middle of the hind mar^ of the fare-winge. SUrntropus Gearm. is Indo-Mateyen mrith 
a single European species 5 . /sgi L, : its larva is very remarkable on account of the 
great length of the end and 3rd pairs of thoracic legs. The anal extremity is 
inflated and claspers are replaced by two slender processes. In repose both extremis 
ties are abruptly erected, and in the curious attitude thus presented the larva, when 
irritated, has been regarded by Muller as resembling a spider ; when at rest it was 
compared by Bircball to a twig with unopened buds, and by other observers to a dead 
and crumpled leaf. The larva of Dicranufa vinula L. is a very striking and familiar 
object : it is provided with a pair of roughened tubercles on the prothorax, and a 
prominent fleshy protuberance on the metathorax. The anal claspers are modifled 
into a pair of long slender processes containing extensible filaments, and the histology 
and mechanism of these organs have been investigated by Poulton (1887). This 
larva, and also those of other members of the family, is provided with a ventral pro-» 
thoracic gland (vide Latter, 1897) having the power of ejecting an irritating fluid. 
The latter in the case of D, vinula, has been found to consist of formic acid. The 
pupa in this species, and in those of Cerura, is enclosed in a hard woodlike cocoon on 
the bark of trees. The escape of the imago is facilitated by the cocoon being thinner 
anteriorly and the labrum of the imago bears two sharply pointed processes used for 
scraping the inner surface of the cocoon, in order to break a way through. At the 
same time, a secretion of potassium hydroxide is produced from the mouth in order 
to soften the cocoon. The eyes, and median portion of the head of the pupa, persist 
as a shield protecting those same parts in the imago until emergence is effected (Latter, 
1892, 1895). 

FAM. SYNTOMIDyE (Amatidse). — ^This family comprises about 2000 species 
and is most abundant in the tropics ; no representatives arc indigenous to the British 
Isles and Syntowis phegea L. is the com- 
monest of the few European forms. They 
arc small to medium-sized moths (Fig. 454), 
usually inactive and largely diurnal in habit. 

The proboscis is generally well developed, 
the labial palpi are small and porrect and 
the retinaculum bar-shaped. Although 
often included among the Zygjenidac, they 
appear to be nearest related to the Arctiidae. 

Many are brilhantly coloured, and a number 
of species bear a striking resemblance to 
Aculeata, Tenthredinidae and other insects 
(vide Kaye, Tran^, Ent, Soc,, 1913). The 
resemblance is heightened by the frequently basally constricted abdomen and the 
general shape and coloration ; in many cases the wings have transparent areas 
devoid of scales. In the neotropical genus Tnehura Hubii. the males of certain 
species are provided with a long filamentous appendage arising from the terminal 
abdominal segment. This structure attains a length equal to that of the whole 
body of the insect, but its signiflcance appears to be unexplained. The larvae are 
short, and armed with verrucae bearing numerous &etaB and they closely resemble 
those of the Arctiidae. Pupation takes place in a cocoon of silk and felted hairs : 
according to Mosher the pupa of Ctenucha is indistinguishable from that of an Arctiad. 

FAM. ARCTllDiE (Lithosiida ; Tiger Moths, etc.). — ^An assemblage of usually 
stout-bodied moths, often with moderately broad wings, which are frequently con- 
spicuously spotted, banded or otherwise marked with bright colours. Most species 
are nocturnal in habit and are attracted to a light. The family is tolerably well 
represented in nearly all zoo-geographical regions, but attains its greatest development 
in the tropics. Over 3500 species are known and, of these, 40 inhabit the British 
Isles. According to Meyrick (1893) Callimorpha is the most ancestral form, but it 
is placed by Hampson in the Hypsidae. In its general affinities the family comes 
nearest to the Noctuidae. It is noteworthy that species of several genera are known 
to be capable of sound production, but the mechanism thereof has not been adequatdiy 
studied. 

The Arctiin* comprise the " Tiger " and Ermine " moths with their allies. 
They are brightly coloured insects with extremely diverse patterns, and individual 
species exhibit an extraordinarily wide range of variation with respect to the latter. 
The extensive genus ArcHa Schrk. includes the common " Tiger moth {A, caia L.) 
which extends through the northern palasarctic region to Japan. Deiopia ptMhelki L., 
although casual in Britain, occurs through the greater part of the Old World including 
Australia. The larvm are clothed with dense long hairs which they utilize along with 



Fig. 45}. — Euoseomja foltmbjua, Male, 
India, x 

Hampson (F.BI.). 



4IIe *0'fi«aMtea«fe ilkiM d( tiM 

|«<adpally low bodbacoow i^laots. Tbe tithostiaai iselwle tboM tHaHSM wUic^ 
pqpnlajly termed " Footmen *' ; they are ditimal or crepuscular in huabit and* te 
typical genera, the fore-wings are long and very narrow. The larvae are sparwAy 
hairy, and commonly feed upon lichens growing about tree trunks and in o^er situa- 
tions. The Nycteolinae are a very small group which is sometimes regarded as a 
separate family (C3nnbidaB) : they are frequently green insects found among the 
herbage of trees and shrubs. The larvae are never prominently hairy and the cocoon 
is boat-shaped. In Hvlophila Hb. (Halias) the larva is smooth and feeds in the 
open while in Earias Hb. it is hirsute and lives among rolled leaves, etc. ; that of 
fnru/ana Boisd. is the destructive Egyptian Cotton Bollworm, widely distributed in 
the tropics. The New World sub-families Dioptinse and Pericopinae are regarded as 
constituting separate families by American entomologists. 

FAM. AGARISTlDiE (Phalaenoidldas) . — ^A small family absent from Europe and 
including over 6o genera embracing about 300 species. They are largely tropical, 
only two palaearctic species being listed by Staudinger and Rebel ; others occur in 
N. America and Australia. In general facies and vivid coloration they resemble the 
Arctiinae and many are diurnal in habit (Fig. 455). They are very similar tp the 



Fig. 455. — Evmcmja ahwiatbix, Female, India, x 

After Hampton (F.B.L). 


No^uidse in structure, and also in larval features, but their type of coloration and 
antennal characters serve to distinguish them. According to Hampson (Proc. Zoo, 
Bpo., 1892) in ZSgocera tripartita Kirby a portion of the membrane of the anterior 
wtog is dilated and ribbed ; a clicking sound is produced during flight probably by 
hricrion on the greatly enlarged mid-tarsal spines. 

FAM. NOCTVIDM. — This family includes a larger number of described species 
any other group of Lepidoptera ; about 1800 are palsearctic and approximately 
Sjbo known from N. America. They are eminently nocturnal insects attracted 
m a light and to the collector’s sugar mixture, while Plusia and its allies frequent 
Sixers at dusk. The family exhibits a monotonous similarity of structure particularly 
jyith regard to the venation and labial palpi ; except in the Hyblaeinae maxillary p^pi 
ire vestigial. A frenulum is always present and the proboscis very rarely atrophied. 
Fbe colour of the fore-wings ,is nearly always cryptic and sombre, thus assimilatmg 
insect to its surroundings (Figs, 456, 457). Being protected in this manner it paaaies 
flay resting with folded wings on tree-trunks, etc., to a large extent concealed 
its enemies. In the larvae of the majority of species primary setae only are 
piM^t, and the crochets are generally in a uniordinal mesoseries. Ibere are usttidly 
pairs of abdominal feet, but among l^e Catocalinae, Plusiinae, and Hypeninse the 
i^,.pair, or the ist and 2nd pairs, are more or less aborted and the larvae are swi- 
Most of the larvae feed upon foliage ; they are often polyphagous and 
niocturnal while a few are stem-borers and live concealed. Among the inore 
i instances aie the larvae of Eublemma which are predaceous upon Cbeddae, 
of £. afrabilis b^g one of tbe most important enemies of Tack^rdia k^- 
^ of BfyopAf/e feed upon lichens; iSTimagWa in stems of marsh plantn; 
frfa) fuligimria L. utilises fungi growing on rottiUg wood ; larvae 
mos^ select the seed capsules of Quryophyllaceae. Acoordiug to 
I with lew exceptions, are characterised by the presence of labial palpi of 
~ i which extend to the caudal margin the wings. Numerous 
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lio^^vever, in that the cremaster bears hooked setae. Pupation takes place as a nl^ 
in an eaithem cell below ground, and the pupal cuticle is retained within the latter 
T^ytiie cremaster : in Plusia and its allies a cocoon is usually present and is span 
.brtwhen leaves, etc. The eggs of Noctuidae axe spherical and generally ribbed and 
leticulated. 

Certain Noctuid larvae (Agrees, NocHta, etc.) are known as Cut-worms ** ; ttiey: 
pe more or less abundant every year and in N. America rank among the worst 
insect pests (vide Gibson, DepL Agric. Canada EnL Bull. 10). The larva of Leueania 
mipuncta Hw. is the notorious and almost cosmopolitan Army Worm *' so called 
from its habit of appearing in enor- 
mous numbers ; as food becomes ex- 
hausted these larvae assume a grega- 
rious marching habit seeking fresh 
fields. It is particularly injurious to 
^ cereals in the United States and Canada 
" and for a full account of its habits vide 
Gibson {Loc. cit. Bull. 9). The larvae 
of the Antler moth CharcBas gramtnis 
comes under the same category, and 
is periodically exceedingly destructive 
to upland pastures in N.W. Europe ; 
the last severe outbreak in Britain 
took place in 1917 (vide Joum. Bd. 

A grip, 24). Among other destructive 
species is Aletia argillacea whose larva 
is the well-known Cotton Worm of N. 

America ; that of Heliothis amtigera 
is the Boll Worm which is injurious 
to cotton bolls and the fruit of other economic plants on that same continent. 
Hadena oleracea has, in recent years, become a serious pest in tomato houses in./' 
England (vide Lloyd, Ann. App, Biol, 1920). 

FAM. LYMANTRIlDi« (Lipaiidm, Ocnerildas: Tussock Moths).— The 
triidae are mostly moderate-sized insects, rarely brilliantly coloured, and the antennae ; , 
of the males are very prominently bipectinate to the apex. The family is hardly , 
distinguishable from &e Noctuidae on any venational feature : as a rule the bipectinate-... 
male antennae, and the absence of ocelH, afiord more easily recognizable characters. • 
The caudal extremity of the female is often provided with a large tuft of anal hairs- } 
which are deposited as a covering for the egg masses. The larvae are hairy, generally i ' 
densely so, often with thick compact dorsal tufts on certain segments (Fig. 458)^ ■ I- 

Osmeteria are frequently pre- 
\t y sent on the 6th and 7li abdo*' 

X niinal segments. Larvae of tfee 
/ common European Gold Tail ^ 

(Porthesia similis Fuess.) 
provided with urticating haitairj- 
composed of barbed spiedtea;.: 

api^rs uncertain whetfctt^Jii^: 
their irritating properties are ' 
mechanical only, or are partly •<. 
due to a poisonous secretipii|<^": 
bathing these spicules, 
ham (Trans. Ent. Soc.^ igii) 

$bown that the female collects the spicules, which are present on the cocoon, 
brtjishing the latter with the anal tuft, and subsequently distributes them over 
cgi-ihass. The pupae are ^closed in cocoons above ground, and are characterized > ' 
by the presence of very evident setae arranged around the scars of the larval vemicse. 
wt known member of this family is Lymantria dispar L., the common 
moth of Europe, which was introduced into N, America about x86F 
the Brow Tail (EuprocHs ohrysorrhma L.). These species have now , 
pests of shade and foliage trees on that continent. Lymamlria 
k iSsB ** Nun ** moth whose kirvae are often a serious pest in the forestsof 
v^nnady* In Orgyia wings are vestigial or absent in the femide (Fig. 458). 

^ .^FSIDAC di0er from the preceding fanoiily in the presence of a well develop 4 


Fig. 457 , — HrpjtBd fkoboboabaus, Male. Palss arctic 
Region, x 4. 
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AustzaJia* The ThanetefMpiiM 
a very small Falaearctic &n:^y of 
few species, apparently allied to tl^ 
Notodontidae. The larvae are tuftcNl 
with long hair and secondary #^, 
are always numerous, but disl^uii;^' 
vemicae are wanting, Larvsa 
ThaumeioptBa Hb. \Cneikocainpa) 
are known as processionary cater* 
pillars which exhibit gregaiioi^s 
habits. T. pfot^ssion&a L. is 
well-known European processionary 
moth. Its larvae march in columns^ 
each being headed by a leader, the 
column gradually becoming broker 
behind. It is believed that! Ihe 
individuals guide themselves \and . 
maintain their positions by ; 
of threads spun by the leaderk of 
each of the hies. Brindley has ob- 
served these columns in the casmof 
r. pinivora Tr. and conducte4^a 
series of experiments (vide Proc. 
Camb, Phil. Soc» 1910). He con- 
cludes, however, that the threads 
secreted by individuals on the 
march are of very slight importance 
either in forming the procession 
' , or maintaining its integrity. The 

tarvas endeavour to maintain head and tail contact with the members of their file , 
Slid this appears to be of primary significance in forming the procession. 



' Pio. 458.— Ostfr/ii {Noi>oiopMua) iMucoantutA, 
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Older 19. COtEOPTERA (Beetles) 


M in^ to large insects whose fore-wings are modified niTD 
HORNY OR leathery ELYTRA WHICH ALMOST ALWAYS MEET fO 
FORM A STRAIGHT MID-DORSAL SUTURE : HIND-WINGS MEMBRANOUS^ 
folded BENEATH THE ELYTRA, OR OFTEN REDUCED OR WANTING. MOUT«'* 
FAJtTS ADAPTED FOR BITING : LIGULA VARIABLY LOBED. PROTHORAX LARO& 
and mobile, MESOTHORAX MUCH REDUCED. METAMORPHOSIS COMPLETE; 
LARVA CAMPODEIFORM OR ERUCIFORM, SELDOM APODOUS : pUPA EXARATB. 


The Coleoptera number approximately 250,000 described species ORiS 
are consequently the largest order in the animal kingdom : about 
species inhabit the Briti^ Isles Although they are the predominant 
sects of the present epoch beetles do not meet the eye so frequently 
members of other orders on account of their more concealed habits. Th^ 
adaptability, and the structural modifications which they exhibit have 
evidently contributed much to then* dominance, for the imagines cd no 
othor (Oder of insects have mvaded the land, air and water to the same 
{MTOportional d^ee. The habits of beetles, therefore, are extremely varied ! 
they are more especially insects of the ground and either inhabit the sml 
itself, or the various decaying animal and vegetable substances present in 
relation to that medium. Dung, carrion, refuse of all kinds, humus, rotting 
wood and fungi all support large assoaations of Coleoptera. The membem 
of five families are true aquatic insects while many other famiUes Imve 
aquatic or subaquatic representatives. The Phytophaga and most Khyn'' 
chqphora are usually met with in assodation with herbaceous {fiants, bui^sa 
and trees. Representatives of the most diverse families, whether they 
aquatic or terrestrial, possess ample wings and readily take to 
S^eral species are marine in that they are daily submerged by the 
A conriderable numbo: of beetles occur in close relation with man rineis 
they are found in wool, furs, hides, furniture, museum specimens, afid 
d^ stored foods and ^iigs. The great solidarity of the integument 
himted in the majority of species has been an miportant factor in prcHu 
tecfijag them against enemies of various kinds. The various sdoites affw 
fitted together with a precisioa that marks tiiem out as truly marvdkNil 
{disoss of natural mechanism. * 

l^duded in the order are some of the hugest and also some of the madh; 
mhlUte of living insects. Among the iamellicornia GoUatim 

kercuks and Cephas attain a body-sise not found 

side the Ccdeoptera : D. Hercules (including the cei^alk horn) measures 
tOtilM 155 mm. long and the lAmgicom Macrcdonik ccrvicmk (isdndA 
thh lisandibles) attains aj^oximatdy the same dimmsion. On the om# 
aanong the Corylophidse and Trichopteiygidai are insects so fflia|tihi| 
' may rmdh a length of less than *5 mm, 

turn on Colsoptera has assumed enormous proportions. 



consmt, 


introduction to the study nf the ordo* the stud^t i^onld 
nf (19x2). For ihn British spocids the mOBOgraph 
jRpthor (29^1913) in Indispensable ; the Works dt Rritter {xgaP 



SksMioQ. The leading tit^nse on the European forma fa niat of Gang^hiaiier 
1x8^1904), but unlorttmately it waa never completed. The Eimmetap 
Cd^tera are catalogued by Heyden, Reitter and Weise (1906) ana the 
t^peciea of the world by Junk and Schoikling whose work (19x0 etc.) ia stiE 
in course of publication: (^920) has catalogued the N. Ammiean 

apedes and his volume contains a very full bibliography of the systematic 
literature on the order. The British species are list^ Beam (X93o) 
and the more recently added species are discussed by Donisthoipe (X93Z). 
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External Anatomy 

The Head (Fig. 459).— The head is heavily chitinized and, as a rule the 
epicrantal suture is mcomplete or vestigial. A complete Y-shaped suture 
occurs, however, in the Hydrophihdae but generally the epioramal silture 
is represented by the line demarcating the fronto-dypeus from the vertex 
(vide Stickney, 1923). In most of the Rhynchophora, and in a few isoMed 
genera among other groups, the frons and vertex are prolonged anteritely 
to form a rostrum (Fig. 462). The latter bears the mouth-parts at its a{ 
and the antennae are also carried forwards as a rule the rostrum haif a 
groove or scrohe on either side for the reception 
of the scape of the antenna. The eyes are very 
variable and may be totally wanting. Eyeless 
Coleoptera are met with among cavemicolous 
species and in certain subterranean forms, in- 
diiding those living beneath boulders. Eyes 
are similarly wanting in Platypsyllus and Lep- 
Unus. In the males of many of the Lampy- 
dnse the eyes are very large and contiguous, or 
nearly so, above and beneath : in the femdes 
thqr are often very small. Occasionally the 
eyes are partially or almost completely divided 
by a corneous ridge as in Throscus and Dorcus : 
or they may be completely separated into an upper and a lower eye on each 
side as in Gyrinus and Amphiops. OceUi are rarely present but a pair of 
these organs are found in certain Staphylinidse (Homaluiue) and in Ptero- 
pma among the Silphidae. The dypeus is divisible into ante-dypeus and 
pott-cfypeus. The latter sdmte is fused with the irons and the dividing 
jfnture is wanting ; the ante-clypeus is often infolded and not visible frmn 
above (Stickney). Among Rhynchophora the reduced fronto-dypeal 
is often termed the ^isioma. The labrum is very variably developed 
birt fr present in nearly all the families : it ma;^, however, be concealed 
beaoeath the dypeus, or be absent, as in the majority of the Rhynchophora. 
the floor of the head, in the median line, is formed by Hasgula and the latter 
echoite is marked ofi from the gexue, on either side, by the gukr sutures. 
Anumg the Rhynchoifliora, and a few other beetles {Necr^honts, etc., 
9 %. 40X), the gm is wanting and the gense meet in the mid-ventrd line, 
end there is crmsequently oidy a single gular suture present. 

The ontemee embit a very wide range of variation and the usual htim* 
of joints is xi. They mav, however, be x-jointed as in Arlfams 
#>jomted as in many Baussidn ; on the other hand, thiy may oonshtt 
tiy joints or main in mm ^stances, and them are many transitumB bei^^ 
ei:tx«mes. 
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f itny oftm assume tdaiivdy ma^tm « 
pcwtito And may be brandied in ab „ 

mdiiuief ; in CMasit^nathus thdr length exceeds 
that of the 'whole body (Fig. 4^)* lo weevHs oH^ 
the genus Balattinus th^ have a vertical inov^ 
ment, side by side, instead of bdng horiaotda^ 
and oi^osed, owing to the dorsal position of thi^ 
condyles. In the Curculionid sub-families Rradiyn 
derinae and Otiorrhsmchinas each mandible oftc^ 
bears a round or o'val area with a raised margizu; 
These structures are the matidibttlar scars 'whidi 
served as supports for the deciduous provisumiU 
fnandibUs of the pupa. The latter organs appa|t>< 
ently enable the newly emerged imago to cut its 
way through the cocoon but are cast off soon' 
after the insect has freed itself. In a few generai 
however, they are permanently retained. In, 
Passalus comutus, certain Staphylinidae, Meloidas, 
and other beetles a movable inner lobe or prcsr 
theca is present. 


Fio. 460 . — - CMIAaOBNATMOa 
ojuifTii, Male and Fb- 
MALE. 

I>irwin, “ Descent of Man.** 

The maxilla, as a 
rale, , are completdy 
<feyd<q)ed with the fuU 
nj^W of dments 
Pin^t. In the Ade- 
!^|i^ and Dytisddae 
ga^ .is generally 
and palpi- 
The lacing is 
large and 
biadA-like and may 
CMty an articulated 
P^BC^SSb wdl exhibited 
in V, tile QcindelidaB 
is '.. claw-like. 



Fio. 4^1— -.4, NeoaofKomt ntMKitvivvt, VBNTtui. ABtsKk; 
OP Hkw. B, SizfMA qBAaUfpirerArA, MxmAM Vbis!: 
TXAt. Hsqion OP Hsao. 0, Octtm ‘“qu»a, jUsiDii,' 
D, Drateat tiAamAm, JUanm. S, iMuaa 

MAima, iMBIOMi 
e. fiiSt} GB,i 


£, Hf)ib; U, maorni Mr. pnmqttiBi; 

' ' ^ , ' ' ' . 

. redxtctum is fr^nent : thus a siniS^ maj^la^, Idm 

*l^^|b piwaent, lor example in tiu meat -of tim 
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Udse as wdl as among the Rhyndioi^ora : in otbar memhers ol the latter 
group the mala may be wanting. The maxillary ftaipi are generally 4- 
jointed, and more rarely 3-jointed, while in Aleochara they are composed 
of five jomts : in the Pselaphida and Hydrophilidae these organs are very 
greatly developed 

In the labium (Fig, 461) the mentum * is large and well-developed : the 
submentum is evident in some forms, includmg Hydrophilus and Necro- 


phorus, but is usually 
fused with the gula 
(Fig 461, B) or no 
longer recognizable 
as an in^vidual 
sderite The hgula 
is extremely vari- 
able . in some forms 
it IS entire, m others 
it presents up to as 
many as five lobes 
or processes, appar- 
ently of a secondary 
nature The labtal 
palpi are, usually 3- 
]Ointed more rarely, 
they are 2-jointed, 
while in certain 
Staphylimdae they 
are unjointed and 
bnstle-hke 

The Thorax. — 
The prothorax is the 
largest of the thor- 
acic segments and is 
usually freely mov- 
able, the latter 
feature being a 
marked characteris- 
tic of the order. The 
pronotum is com- 
posed of a single 
sclente and is en- 
tirely visible from 



above. The pleuron 
is frequently un- 
divided into sclerites, 
and the suture be- 


A 

Fig 462 — PisaoDMs aiROBU 

A, ventral aspect of head . ape* of roatrum, ventral , 0 , tntemo lateral and 
D, externo lateral aspects of mazilJa Adapted Irom Hopkms, U S Dept Atru. 
Enhm let^h Ssr 20, pt x 


tween that region 

and the pronotum, on either side, is likewise often absent : in the latter case 
a single chitmous shield covers the whole of the dorsal and lateral regions. 
The pleurostemal sutures are distmct except in the Rhynchophora in which 
group the whole of the prothoracic sclentes are fused into an undivided 
nLt ttiiilar band. The anterior coxal cavities are either entire, when they are 


» Sticknejr (X923) and other American morphologistB maintain that the princtoal 
laMai aclente is the submentom, the mentum being dther atrophied or veetigiMt 
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closed bdbind liy the meetliiig ci the prosteraum and epimera. at by Ihe 
meetiiig of the epimeia alone : <x they may be open, >>^60 the space is only 
bridged over by the membrane. The mes(h and metathorax are fused to* 
getto : the former segment is considerably reduced while the latter, on 
the contrary, is largely developed, except in species in which the wings 
are absent or non-f unctionaL The tergum of both segments is divisible into 
prescittum, scutum and scuteUum. The latter sclerite is median in position 
and divides the scutum into two separated plates. The metapostnotum is 
generally distinct but, according to Snodgrass, the corresponding sclerite 
of the mesothorax is wanting. With the exception of the mesoscuteUum 

the entire dorsal surface of 
both segments is usually 
covered by the elytra. 

The legs are generally 
adapted for walking or run- 
ning, but in many of the 
Lamellicomia and certain of 
the Carabidse, they are also 
modified for fossorial purposes. 
In the Dytiscids the hind pair 
are flattened and used for 
swimming, while in the 
nidae both Jthe middle and hind 
pairs are thus modified. In the 
Halticinae the hind femora are 
greatly enlarged for saltatory 
purposes. The legs of Coleop- 
tera consist of the usual num- 
ber of joints— and the form and 
disposition of the coxae are of 
great importance in classifica- 
tion. The tarsal joints are 
extremely variable in number 
and afford valuable family and 
superfamily characters. The 
primitive 5- jointed condition 
is characteristic of the Ade- 
phaga, most Diversicomia and 
the Lamellicomia. Among the 
Heteromera the fore and middle 
tarsi are 5-jointed, and the hind 
pair 4-]ointed. In the Phytophaga and Rh3mchophora the fourth and fifth 
joints are anchylosed, the former being very small. In the Staphylinoidea 
the joints are very variable in number. Among many of the males of this 
group, and the Adephaga, one or more of the joints of the anterior tarsi, 
and sometimes of the middle pair also, are dilated and different from their 
fellows : this feature attains a high degree of specialization among the 
Dytiscidse. 

The elytra are the highly modified mesothoracic winp and arise simul* 
taneoudy with the hind-wings : they develop in an exactly similar manner 
during the greater part of the larval life. In many Carabidse, Curculionidse 
and Ptinidae the hind-wings are wanting and the elytra are often firmly 
united so as to be immovable. In Coleoptera capable of flight the dytra 
xa.— 31 



—in.. 


CtciyDSLA , Ventral Aspect: Male. 


Ibft anterior nuurgin of labniin : Ptd, mandibk ; mx, maxilla and 
puttf palp ; m, m, mentum , p I, labial palp ; s,g, gular sutures ; 
thoraac sterna ; ^istema ; eptfoen; 

epipleuron; abdonunal segments; /, aneagus; 

coxae ; Vrffai trowanters ; /r/a, femora ; tibi-hba, tibus ; 
taisi. Figs 448 and 449 from Fowler (F.B.I.), after Ganglbauer. 
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are opened to form an angle with the body, and allow of freedom of motion 





— poabscutell. 




Fig. 4O4 — STAFHrLiyvs TEifsu/ticosus. Dorsal 
Aspect (Elytra removed), 

Ibr^ labrum ; cl, dypeus ; mes, mcsouotuui ; met, inctanotiim and 
pOihcuteU, its postscutcllum ; sligmi<slsgmg, ist and 8th abdominal 
spiracles ; abdominal terga. 



Fig. 465.— ventral aspi ct. 

spiracle on prosternuin : 77 g, anal apptn* 
dages Other lctl(>iiug as in b'lg 463, 


of the wings, but play no direct part in 
flight. The sides of the elytra are often 
reflexed to form the epipieura (Fig. 463) 
which conceal the pleura and are well 
seen, for example, in the Gyrinidae. 

The hard texture of the elytra is due 
to the thickness of the lower layer of the 
cuticle, and also to the presence of pillars 
or trabeculae which connect the upper 
and lower elytral surfaces (Fig. 467). 
The cavity of the elytron is bounded by 
a thin h5^odermis and contains blood, 
nerves, and tracheae, often together with 
numerous groups of gland cells : some- 
times small lobules of fat-body are also 
evident. Comstock states that there is 
a very close similarity between the 
tracheation of the elytra and the hind- 
wings, but in no case yet examined do 
the principal tracheae retain the primitive 
type of branching. The venation of the 



Fig. 466. rnROPniivti, Dorsal 
ASPECT OF Thorax with the 
Segments disarticulated, 

Alt anterior wing process; posterior do. ; AC , 
axUl^ cord ; P, pronotum ; PN, postnotuni ; 
PSf prescutum; S, scutum; S|, scuteUuni. 
Partly after Snodgrass, Proc. U.S. Nat. Mus. 36. 


hmd-wings has been studied 




THE ABDOMEN ^3 

by Kempers (X909), Kuhne (19x5), Orchymont (x92x) and Forbes (1922) 
Figs. 468, 469), and three generd types are recognizable, (a) The Adepfu^ 
type . — All the principal veins remain more or less completely developed 
and are usually joined by a greater number of cross- veins than occur 
in other Coleoptera. M i is connected with M , by means of one or two trans- 
verse veins : when two are present an oblong cell is formed which is very 



Fig. 467.^Transverse Section of a Portion of an Elytron of Drrisrus passing 

THROUGH THE OUTER MARGIN I BeLOW, A SMALL AREA OF AN El.YTRON SEEN IN 
Surface View (Diagrammatic). 

C, cuticle; CT, chitinou* trabeculae; HY, hypodtrmis; L. lacunae; LC, lateral blood chdunel ; T/?, trachea. 


characteristic of the type. Wliat appears to be the most generalized 
venation in the order is found in the Cupedidie. (b) The Staphylinid type. 
- - Here the chief characteristic is exhibited in the disappearance of all the 
cross-veins, and the atrophy of the proximal portion of M^, the remainder 
of that vein being isolated in the apical portion of the wing, (c) The Can^ 
tharid type . — In this type Mi and Mj coalesce distally forming a very defin- 
ite loop : at the point of junc- 
tion a single vein (regarded as 
Mg) is continued to the wing 
margin. R* frequently appears 
as a recurrent branch of the 
radius, and cross-veins are 
commonly present joining the 
cubital and anal veins. In 




Fig. 468. — ^Aobpbagid Type of Wing. 


some cases the M loop is re- 
duced to a mere hook, or may 
be absent (Passalidae and many 
Rhynchophora) : when this 
type of modification occurs, 
and the cross-veins are atro- 
phied, the Cantharid type is 
difficult to separate from the 
Staphylinid one. 

The Abdomen. — The 


Above, Cupedidao (partly from Forbes). Below, Carabidas llUItlbcr of SCgmClltS which 
(Original). O.Oblnng£dL ^he COmpOSitiOU 

of this region of the body is difftcult to determine. As a rule the first 
tergum is membranous and one or more of the sterna from the first to 


the third are aborted. There appears to be at least one stemmn gener- 
ally wanting and with certain exceptions the dorsal and ventral plates do 
not agree in number. Verhoeff (1893-94) regards the abdomen as con- 
sisting of ten segments while Berlese ai^its a similar number but regards 
the One first segment as having atrophied, and the last of the series is, 00 
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his interpretation, morphologicaJly the devmth. In most Coteoptem five 
sterna are visible without dissection but in the Staphylinidse there are seven 
or eight. In many cases the termmal abdommal segments of the female are 
retractile and tubular, thus functionmg as an ovipositor Among the 
Cerambycidae, for example, this modification is well exhibited and m certam 
cases ten terga and nine sterna are recognizable The male genitalia and 
associated parts have been studied by Sharp and Muir (1912, 1918) m great 
detail, who have brought forward a classification of the ordei founded upon 
characters afforded by these organs The genitaha are withdrawn mto 
the abdomen and concealed they take the form of a tubular evagmation, 
with certain associated sclentes, which anses between the nmth and tenth 
sterna 

Stridulating Organs. - In one foim or another these organs are present 
m the imagines of a large number of families and have been studied by 
Darwm (" Descent of Man ”), Landois and more recently by (lahan (1900) 
As the latter author remarks, wherever any part of the cxoskeleton i^sub- 
jected to the fnction of an 
adjoining part by the move- 
ments of the insect there in 
some species or another these 
organs are likely to be found 
Their position is not constant, 
even in different genera of the 
same family and they are often 
similar in structure and loca 



i' 


tion in geneia belonging to 
widely different families They 
are most extensively developed 
m the I amelhcoima where 
both the laivae and perfect in- 
sects are often capable of 
stndulation (vide Arrow, 1904) 
Gahan divides these organs 
among Coleoptera mto four 
groups according to where 
they are located, but it is 



Fig 469 — Wings oi Coleoptera Polyphaga 

Above btiphylmid type (Ocypus) Below Canthand type 
(C anthari%) 


only possible here to refer to 

one or two examples In certam Nitiduhdae and Endomychidae there is 
a ffle-hke area on the crown of the head which is rasped by the anterior 


margm of the prothorax In other cases (certam Tenebnonidae, Scoly- 
tidse, etc ) there is a file-hke area on the underside of the head, sound 
bemg produced by friction with a projectmg ndge on the prostemum 
Stndulatmg organs are found on the mandibles and maxillae in the larvae of 
various Lamelhcomia They are so arranged that a senes of teeth on the 
maxillae rasp agamst some granulations on the ventral side of the mandibles, 
U^en the maxillae move forwards and backwards Many of the Ceramby- 


ddae have stndulatory organs m some cases the sound is produced by 
rabbmg the hind margm of the prothorax over a stnated area of the meso 
notum m others, it is produced by the fnction of the hmd femora against 
toe edges of the el5dra The most remarkable stridulating orgams are those 
met with in the lairvae of the Lucamdae, Passalidae and of Geotrupes amd its 


•Hies. They consist of a senes of ndges or tubercles on the middle coxx. 
while toe hmd legs are modified m vanous ways as rasjiing organs. In 
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certain of the Curculionidae tiiere is a stridulaiing file on the underside of 
the elytra near thdr apices : the rasping is effected by a series of smali 
tubercles situated on the dorsal side of the abdomen. 
In some cases the file is present on the abdomen in 
the females, and on the elytra in the males, and the 
rasping organs are similarly reversed. 

Internal Anatomy 

The Digestive System. — The digestive system of 
Coleoptera has been mainly studied by Dufour whose 
results have been published in a series of papers 
(1824-1840) and Bounoure (1919). Beauregard (1890) 
has also studied the digestive organs in the Mcloidae, 
Mingazzini (1889) in the I^mellicomia, Sedlaczek 
(1902) in the Scolytidae and Bordas (1903, 1904), in 
the Hydrophilidae and Silphidae. The mouth opens 
into the pharynx or widened commencement of the 
oesophagus and the latter region is a simple tube of 
variable length. At its hinder extremity the oesopha- 
gus expands to form the crop which is of very generad 
occurrence although wanting according to Beauregard 
in pollen-eating beetles such as Zonitis, Siiaris and 
MyUibris : it is large and capacious in Carabus (Fig. 
470) and other genera. The oesophagus or crop, as 
the case may be, is followed by the gizzard which is 
usually a small chamber lined by homy ridges or 
folds, or with spines or denticles : it is present in 
many carnivorous and wood-boring Coleoptera, not- 
ably in the Cicindelidse, Carabidie, Dytiscidae and 
Scolytidae. The mid-intestine is very variable in form, 
and is often of a complex nature. Its most characteristic feature is the 
presence of, large numbers of small villus- 
like enteric coeca which often vary in char- 
acter in different portions of the stomach. 

In the Carabidae and Dytiscidae the latter 
region is a simple slightly tortuous tube 
provided with numerous closely packed 
coeca, but the latter are usually wanting 
from its posterior portion. In Mehe the 
mid-intestine is large and sac-like, occupy- 
ing the greater part of the abdominal 
cavity. In the LameUicomia (Fig, 471) it is 
very long and convoluted while in Copris 
lunaris it is thrown into a series of numerous 
coils after the maimer of a watch-spring. In 
the' Scolytidae the mid-intestine is divisible 
into three regions : a sac-like anterior 
region, a narrow tubular middle portion and 
a wider posterior which is partially or com- 
pletely invested with small coeca. The 

hind-intestine is always more or less convoluted : it is relatively short 
in the rJ c-indelidat and Carabida, but long in Dytiscus and many other 


Fto. 470.— ieds 
jiOSiUSt Alimen- 
tARY Canal. 

0 £, opsophagus , G, gis- 
raix! ; M, mid intestine , 
/, ileiim; rectum; Ml, 
Malpighian tubes After 
Newport. 





Fig 


47 X. — Mblolosiha rUL 9 *rU 9 

Alimentary Canal. 

Lettering as in Fig 454 Adapted Irons 
Bounoure. 
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genera. In the Dytiscidae {Fig. 472) it gives off a conspicuous cacum, 
an organ which is characteristic of that family (vide Bordas, 1906). Al- 
though a relatively small sac in Jlybius it attains enormous dimensions in 
Dytiscus and bears an apical tubular appendix : a posterior ccecum is also 
present in Silpha and Necrophorus. The rectum, when specially differenti- 
ated, is often a large chamber : rectal papiUa are present in certain Passali- 
dae and Silphidae, but as a rule they are wanting. 

The Malpighian tubes are typically four or six in number and are of 
considerable importance in the classification of the families into major 
groups. In the Lamp3aidae, where there are four of these vessels, the tubes 
of each pair unite distally, thus presenting the appearance of loops (Bugnion ; 


Bull. Soc. Zool. Fr. 1920). In a 
number of Coleoptera including 
Dofiacia, Haltica, Cerambyx, (Ede- 
mera, etc., the Malpighian tubes 
have two apparent terminations 
in the intestine owing to the fact 
that their distal extremities be- 
come applied to the walls of the 
colon or rectum, instead of re- 
maining free as in most other 
insects. In no case, however, 
have any secondary openings into 
the hind-intestine been discovered 
(vide Woods, 1916). 

Associated with the alimen- 
tary canal are various glands. 
The salivary glands appear to 
have been very little investigated 
and they are wanting in many 
species, but according to Packard 
they are present in Anopthalmus, 
where there are three pairs, and in 
Blaps : they are also described by 
Dufour in Pyrochroa. Pygidial 
glands, which are defensive in 
function, exist in many beetles 
and are very fully discussed by 
Berlese. They are paired organs 



Fig 47 -- — Dirisous itAitaiyAUs ; Aliment- 
ary Canal of A, Imago , and B, Larva. 

Oe, oesophagus ; /a» crop ; Ge, gizrard , Vc, mid-intestinc ; 
r, hind intestine ; Cor, coecum ; K, rectum ; Pr, prey. Aftet 


secreting corrosive and pungent 

fluids which can sometimes be ejected to a distance of several inches. 


These glands open in dose assodation with the anus and, among the Cara- 
bidse, they have been studied in detail by Dierckx (1899) and Bordas (1899). 
In Pterostichus vulgaris, for example, each gland consists of spherical adni 
composed of gland cells : each acinus opens by a separate duct into the 
common canal of its side. In Carabus and Cychrus the ejected fluid con- 


tains but5nic add and in Momwlyce it is stated to be capable of ppalysing 
the fingers for twenty-four hours afterwards. In Brachinus and its allies, 
and also among the Paussidae, a volatile vapour is ejected with an audible 
sound : it is very corrosive and stains the fingers of those who handle 
th^e insects. In the Staphylinid genera Staphylinus, Ocypus, Stenus, etc., 
«ad also in Lacon and Blaps eversible foetid anal glands are prevalent. 

The Nervous System. — ^The most important diflerences in the nervous 
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sjrstem are exhibited in the ventral cord (vide Brandt, 1879). As a rule the 
commissmes retain their double nature, a feature which is wdl exMUted 
in the thorax of most beetles. Ihe most generalized t5rpe of nervous 
^stem is found in the Cantharidae where, in addition to the supra- and infra- 
OBSophageal centres, there are three thoracic ganglia and seven or eight 
abdominal ganglia. The latter number is maintained in Dictyopterus and 
seven abdominal ganglia are found in T elephorus and Latnpyris. Reduction 
in the number of abdominal ganglia, tmaccompanied by a similar specializa- 
tion of the thoracic centres, may be traced through a number of genera. 
Thus, in Cicwdela and Tetiebrio there are six ganglia in the abdomen ; in 
Silpha, Mordella and Creophilus there are five : in Donacia, Mdoe, and 
Cedlidiutn there are four : in Cassida there are three and in Chrysomela 
and Coccinella y-pmctata there are two. Among the Lamellicomia {Geo- 
trupes, Aphodius, etc.) the abdominal ganglia are merged into the metathor- 
acic ganglion to form a common centre. In a number of other Coleoptera 
the meso- and meta-thoracic ganglia are closely united or merged together 
owing to the disappearance of the connectives between them. This feature 
is characteristic of many other Lamellicomia {Melolmtha, Passalus, Lack- 
nosterna, Phyllopertha, Cetonia), and the centre thus formed also includes 
the fused ganglia of the abdominal chain. In the Curculionidae there are 
usually two separate abdominal centres, in Gyrinus one, and in Necrophorus 
five. The maximum specialization is found in Sericea bruimea and Rhizo- 
trogus solstitialis. In the former insect all the thoracic and abdominal 
ganglia unite to form a single complex : in the latter species Brandt states 
that coalescence has proceeded still further, the infra-oesophageal ganglion 
being also involved in the fusion. 

The Circulatory System. — ^The structure of the dorsal vessel has only 
been investigated in a few examples. The heart is divided into a vanable 
number of chambers and is continued as the aorta through the thorax 
into the head where it becomes branched at its apex. In Melolontha Straus- 
Durckheim found nine chambers with eight pairs of ostia. In Lucanus 
Newport described seven chambers and a similar number of pairs of alary 
muscles. 

The Respiratory System. — ^The tracheal system attains its highest 
degree of differentiation among the actively fl3dng members of the Lamelli- 
comia, particularly in Geoimpes and Melolontha. Its tnmks are greatly 
ramified and in many species there is an elaborate system of air-sacs. The 
latter stmetures do not attain a great size, their diief characteristic being 
the large numbers present. In Melolontha they occur throughout the body, 
even penetrating into the recesses of the head (vide Straus-Durckheim). 
In Lucanus (male) the large massive head and mandibles are filled with air- 
sacs, especially the mandibles. Newport states that the air-sacs are devel- 
oped in rows from long tracheae which penetrate the jaws, and the latter 
apparently unwieldy structures are thus rendered extremely light. 

As a rule ten pairs of spiracles are present : the first is situated between 
the pro- and meso thorax and the remaining pairs are metathoracic and 
abdominal in position. Among the Lamellicomia and certain Rhyncho- 
phora and other Coleoptera, the eighth pair of abdominal spiracles is either 
absent or vestigial and non-functional. In the Scol3rtidae the number of 
functional abdominal spiracles varies from five to seven. 

The Reproductive System. — ^The male reproductive organs have been 
investigated by Dufour (1825), Escherich (1894), Bordas (1900), and others. 
They consist of the testes, the vasa-deferentia, one or more pairs of accessory 
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glands and a median ejaculatory duct. Vesicular seminales are often pre> 
sent as dilatations of the vasa deferentia. Two general types of repso* 
ductivc organs are recognized by Bordas and are based upon characters 
afforded by the testes (Fig. 473). In the first type these organs are simple 
and tubular and more or less closely coiled, each being enclosed in a mem- 
brane : this type is characteristic of the Adephaga. In the second t5rpe the 
testes are compound and divided into a number of separate follicles. The 
latter may be rounded capsules, each communicating with the vas deferens 
by means of a separate duct, as in the Phytophaga, Rhynchophora and 
Lamellicomia, Or, the testicular follicles may be composed of aggiegations 
of small rounded or oval sessile sacs which open directly into the vas 
deferens (most other Polyphaga). 



Af sedeagus; h, ejaculatory duct ; G, accessory gland (eriadencs) ; Gi, accessory gland (mesadencs) ^ 7, testis ; VDi 
vas deferens ; vesicula semmalia Adapted iiom Bordas. 


The accessory glands exhibit many differentes with regard to their 
position, number and mode of origin. Escherich (1894) has divided them 
into ectadenia and mesadenia : the former are believed to arise as ectodermal 
invaginations of the ejaculatory duct, while the latt^ are stated to be of 
mesodermal origin, since they are formed as outgrowths of the vasa deferen- 
tia. Definite embryological evidence is needed, however, to substantiate 
these conclusions. 

The female reproductive organs (vide Stein) may likewise be divided into 
two types, accortog to whether the ovarioles are polytrophic or acrotrophic 
n character. The former type is characteristic of the Adephaga and the 
iStter type is found, so far as known, throughout the Polyphaga. The 
yvarioles vary greatly in number : thus in Ipstypographus, Hyhbius tUnetis 
ind Sitones liimfus there are two ovarioles to each ovary: in O^pui 
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ohM there are three, in certain Elateridse four, in Ihrcus and Saperaa 
carcharias twelve, in Byrrhus pilula there are about twenty, and in the 
Meloidae they are extremely short and much more numerous. In some 
Coleoptera {Dytiscus) a coUctenal gland is present m association with each 
oviduct. A spermatheca is universally present and opens, by a slender and 
often exceedingly long duct, cither into the vagina or the bursa copulatnx. 
An accessory gland, of variable character, is generally found in connection 
with the spermatheca. In many Coleoptera a second passage or “ canal of 
fecundation ” leads from the spermatheca or its duct and opens mto the 


vagma near the pouit 01 union 


OD 



Fia 474 — Oqdbs bblopwides (C arabidae) 
Proximal Portion OF Female Rfproduc- 
TivE Organs 

ODt paued oviduct, CO common oviduct, sperma 
theca with SD duct asd G gUnd , FC fecundation canal , 
vagina After btem 


two oviducts (rig 474). 1 ms canal is 

behoved to allow of the direct pas- 
sage of the spermatozoa from the 
spermatheca to the eggs A bursa 
copulatrtx is present as a diverticu- 
lum of the wall of the vagma. It 
IS believed that the spermatozoa are 
received into this sac dunng copu- 
lation and subsequently make their 
way into the spermatheca The 
■process of fecundation m Coleop- 
lera, however, is very little under- 
stood and the significance of the 
frequently great length of the sper- 
mathccal duct is unknown. 

Metamorphoses 

The Egg.— The eggs of Coleop- 
tera are usually ovoid m form and 
laiely exhibit any marked diversity 
of form or structure as is seen, for 
example, in the Hcmiptera and 
Lepidoptera In OcyPus they are 
of unusually large size and few in 
number, while in the Meloid® they 
are small and the number laid by a 
smgle female may run into several 
thousand Many Coccinelhdae lay 
their eggs in batches on leaves, the 
Hydropliilidae enclose them in co- 
coons, while among the Cassidm* 
they are protected in highly special- 
ized ootheca In the Curcuhomdae 


they are frequently deposited in deep holes drilled by the rostum of those 
beetles in the food-plant. In the Scolytida the females have the habit of 
entering mto the trunk or plant within which the eggs are laid. 

The Larva.— In Coleopterous larva the head is wcU developed, the 
mouth-parts are adapted for biting and do not differ in their essential 
features from those of the adults Such larva never possess abdominal 
feet, but they are generally provided with thoraac legs : cera may be pre- 
sent car absent. The ti ached system is peripneustic with usually nine pans 
of spiracles : the first pair is located, as a rule, between the pro- and meso- 
thorax, and the remaining pairs are situated on the first eight abdominal 
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segments. There is, in many cases, a marked similarity among larv» of 
the same family. This is well exhibited for example in the Carabida, 
Buprestid® and Curculionidae. On the other hand, the larval differences 
foimd among the Chrysomelid® are scarcely paralleled in any other family 
of insects. Some of the most remarkable forms occur in the aquatic families 
Haliplid®, Gyrinid® and Hydropliilid® with their special adaptations to 
life in the water. Among terrestrial larv®, those of the Dermestid®, with 
their dense clothing of tufted hairs, are totally different in appearance from 
all other Coleoptera. 



fm. 47; —a, Laxva of a Carabid {Lomicmka) x 8 . b, Makdiblb x 60 ; Maxilla of 
Nibmu Larva ; d, Labiuh x 32 ; «, Leo of Nmbkia Larva x 24. 

From Carpenter after ScbiOdte. 

The primitive campodeiform larva (Fig. 475) is characteristic of the 
Adephaga, many of the Staphylinoidea, and of the first instar in the Meloid® 
and ^piphorid® among the Heteromera. Among other of the Staphylio' 
ddea and the vast majority of the Diversicomia and Heteromera, the 
larv® are more highly modified and, although they incline to the campodei- 
Idrm type, they are transitional between the latter and the erucifonn type 
(Pig. 476). Among the Phytophaga, Rhynchophora and Lamellicomia the 
ouoifonn larva is prevalmt. The extrme a^ous type is characteristic 
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of the great majority of the Rhynchophora. Xt is also met with in certain 
the Cerambyddse and Bu|>restidse, in the dung-feeding larva of Cerfyon, 
and in the Elaterid sub-family Eucneminae, while an apodous stage occurs 
in the ontogeny of members of the Meloidae and Bruchids. It is a compara- 
tively easy matter, therefore, to arrange a graduated series of larval Coleop- 
tera. At the head of such a series is the active, armoured campodeiform 
type, with well-developed antennae and mouth-parts, completely formed 
legs with tarsi and paired daws, and movable jointed cerd : larvae of this 
nature aire well exhibited in the Carabidae. At the other extreme are the 


soft apodous maggots of the Curculionidae, with their vestigial antennae, 
reduced mouth-parts and no cerd. The mode of life is the primary modify- 
ing factor in the devdopment of larval types and, once the active predatory 
habit is lost, structurail changes sooner or later supervene and attain their 
culminating point in the degenerate internal-feeding larvae that live sur- 



Fig. 476.— Coleopterous Larv-*. 

Ap campodeiform (Cucujidae) ; aptr Cbittcnden, U, S. EnU 
BuU 4ns Bp eruciform (Qinfsomclidae) ; after Cbittendeiip 
^ S Dept Agnc. Year Book, 1896. C, scarab^aiform 
(Scarab^ida;), after Riley. Dp eruciform and apodous 
(Curculioiudse), after Chittendenp C 7 . S, Ent. Bull. 23 n.s. 


rounded by an abundance of 
nutriment. Hypermetamorphosis 
is known to occur in a few Coleop- 
tera. It is well exemplified in 
the Meloidae whose first instar is 
a campodeiform larva, amd in the 
later development modified cam- 
podeiform, erudform and apodous 
stages may be passed through in 
the ontogeny of am individual 
-species (Fig. 201). Hypermeta- 
morphosis similarly prevails in the 
Khipiphoridae, Micromalthidae, in 
Lebia scapularis and in the 
parasitic Staphylinids Aleochara 
bilineata and algarum. 

The head bears a variable 
number of ocelli : thus there may 
be six of these organs on either 
side as in the Carabidae and 
Hydrophilidae, four in the Cidn- 
delidae, or they may be reduced 


to a single one, and even the 
latter may degenerate into a mere pigment spot. In many larvae which 


are internal-feeders ocelli are totally wamting. Antennae au:e well developed 
in campodeiform larvae, and aure very long in those of the DaisdUidae : ailmost 


every stage in reduction may be traced until they aure represented by single- 
jointed papilla-like vestiges as in the Curculionidae. The mamdibles are 
large and exserted in predaceous forms, and in the D3rtisddaB they are sped- 
ally modified for suctorial purposes. In larvae which live internally in wood, 
amd other plant-tissues, they are short amd stout. Superlinguae aire com- 
p^atively well-devdoped in the Dasdllidae, and vestigial structmres of a 
similar nature occur in the Scauabaeidae (Caupenter and Mad!>owell, Z912) : 
rudiments have also been foimd by Mangan in the Dytisddae. The maudllae 
(Figs. 475, 477) are alwa3rs well developed : thdr palpi are variable bang 
kmg in Gyrinus amd SUnus, while in eruciform larvae they aure often reduced 
to the condition of 2-jointed papillae. In the majority of Coleopt^ous 
latvae there is a single lobe or mada which is often composed of two joints. 
Separately difierentiated galeae amd ladniae aure evident, however, in a num. 
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bcr of cases and are present, tor examj^, in Agtiotes, the Bytrbidte, certain 
Silphidae and in the Lamellicomia. The labium is dharactedzed by the 
absence of paraglossae : the palpi are commonly 2-jointed but in the Curcu- 
lionidse they are represented by single-jointed tubercles. The glossa is 
frequently present, but is very variable, and in many genera it is n(rt 
separately ^stinguishable. In Silpha the ligula is represented by a pair 
of rounded lobes which are perhaps to be regarded as being those of a 
divided glossa. The legs exhibit different degrees of development : am<mg 
the Adephaga they are imdoubtedly primitive and are characterized by 
the presence of a distinct tarsal joint and paired claws. These features 
are lost in the Polyphaga, where the tarsus is not separately differentiated, 
and the claws are single. Exceptions are extremely few, but in the first 
instar of the Micromalthidse and Meloidae a tarsus is present and the daws 
are paired. The abdomen is lo-se^ented and, among the Carabidae, and 
Staphylinidae, the anal segment is often 
tubulau* and functions as a pseudopod. 

Cerd axe well developed jointed appendages 
in mamy caunpodeiform larvae : in other 
caaes they may be fixed and unjointed. 

The morphology of the rigid homy ainal 
processes of many larvae is not understood : 
they have the appearance of being non- 
appendicular outgrowths of the body-wall, 
but when their devdopment is studied they 
may prove, in some cases, to be highly 
modified cerd. 

The respiratory system is subject to 
comparatively few modifications. The posi- 
tion of the first pair of spiracles is some- 
what variable : although commonly inter- 
segmcntal, they may as in Tekphorus be 
located on the mesothorax. Well developed 
metathoracic spiracles have been observed 
in the Lydnae but in other families they are 
absent or vestigial. The most striking 
variations occur in aquatic larvae : Oietni- 
dbius and Gyrinus aure apneustic, and re- 
spire by means of filamentous processes of 
the body-wall, while certain of the Hydrophilidae aire metapneustic. 

' Information on the internal anatomy of Coleopterous larvae is frag- 
mentauy and very scattered. The alimentary canal has been studied by 
IPortier (1911) in the Djdiscidae and Hydrophilidae, by Pa3me (1916) in 
Tekphorus, by Woods (1916, 1918) in Haltica. and by Mingazzini (1889) m 
' the Lamellicomia. In the latter group and adsoin Tekphorus and Caksowo 
it pursues a straight course from the mouth to the anus, the hind intestine 
fio, these instances being short (Fig. 478). In the D3^tiscidaB and ^lytida 
the gut is convoluted owing to the increase in length of the hind intestine. 
A wdl devdoped crop is present, for example, in Cakfidra but in Tsk- 
rm, HaUica amd Dendroctonus it is represented by a small distal enlarge 
st of the oesophagus. A gizzard is present in the latter genus, whil* 
J” crop amd gizzard are wanting in the D3^tiscidaB amd Hydrophihd#' 
mid-intestine is very variable, but always forms a large portion of tha 
and frequently exhitnts differentiation into sev^al distinct regicoa 



Fig 477--GULA, Labium and 
Fight Maxilla ot a Tenb- 
BRioNiD Larva {Eiisifmoir). 

A A, artict'JaUng arete , C, catdo ; 6, gula , 
L, li^la , M. mentum ; MA , mala , rA/ , 
premcntuiu , o, stipe** , iA#, subnieutum , 1 * 
tentoiuU pit Adapted from UoMOg, Journ 
A$Ttc 22, 1922 
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In it is a ktpe aatttpte tmt in many larve It is cooled aftd 

tubular, as for examine, in the Dytisddas. Kydrophilidee, and also in ffaUktt 
and Dmtroctwus. Difierentiation into separate regions is evidenced 
change otf calibre, by the histological structure, and the presence or absence 
of enteric coeca. In Oryctes, and other Lamellicomia, the latter structures 
are very large and are restricted to three annular bands (Fig. 479) : in 
Calandra they are represented by numerous papilla-like outgrowths. An 
extensive ccecum is sometimes present in relation with the hind intestine. 
In Dytiscus it occupies a considerable part of the body cavity and a large 
ccecum is also present in many Lamellicomia. In the Copnnae the larvae 
have a characteristic dorsal hump which serves for the 
accommodation of this organ. The Malpighian tubes, 
as a rule, are similar in number and character to those 



Fig. 478. — Telb- 

PSOXVa, Al XMEN- 
TARV Canal oi 
I«ARVA. 

OE, OBSophagut ; C 
crop ; Ml, mid inti*#- 
tine; MT, Malpighiar 
tube! ; HI, bind intes 

tiMk. 


of the imagines. Tlie nervous system 
generally consists of three thoracic and 
seven or eight abdominal ganglia. In 
Coccinella y-punctata the abdominal 
ganglia are concentrated in the anterior 
segments of the hind body, the inter- 
vening commissures being very much 
abbreviated. In Mehlontha, and other 
of the Scarabaeidae, the whole of the 
ventral ganglia are concentrated in the 
thorax. 

The heart has been observed by 
Payne in Telephorus. It is of an ex- 
tremely narrow calibre and apparently 
exhibits no division into chambers : 
nine pairs of alary muscles are pre- 
sent. Segmental glands have been 
described in a few cases : a pair is pre- 
sent on each of the thoracic and 
abdominal segments in Ocypus (Geor- 
gevitsch ; Zool. A»z. 1898), Mdasoma 
(Berlese), and Telephorus (Payne). 

The Pupa. — ^The pupae in this order 
are of the exarate type, pale coloured, 
and are invested by a thin, soft cuticle. 
In some of the Staphylinidae they are 
obtect, being covered by an exudation 
that solders the appendages down tc 




Fio. 479. — 0 *rc- 

7A9 NASJOOXNlSt 
ALIMEN T ARY 
Canal of Larva, 


OE, oesophagus ; C.Cy 
Cs enteric coeca; Mi* 
mid mtestme ; S, sae of 
hmd mtestme ; R, ttiy 
turn. After MmgaittinL 


the body and forms a hardened coat. 

In the Cocdnellidae the pupae likewise have a hardened integument and 
are, moreover, often conspicuously coloured. A large number of Coleop- 
tera pupate in earthen cells below ground : many others pupate within 
the food plant. A cocoon is frequently present, but the nature and origin 
of the substance by means of which it is produced needs investigatiost 
In certain of the Curculionidae the cocoon is formed by a product of th* 
Malpighian tubes, while among several of the Lamellicomia it is describee 
as being formed from the contents of the posterior coecum. Many of th< 
Cerambycidse construct pupal cells largely impregnated with carbonate « 
lime. The naked exposed pupae of the Coccinelhdae are often protectee 
by the persistent remains of the last larval skin. 
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Literature on the Metamorphoses.— The xbost important publican 
tions on the life-histories of these insects are those of SchiOdte (x862-8x), 
whidi is written in Latin and has excellent illustrations, and of Bdving and 
Craighead (1931)- The complete literature on the transformations of 
European Coleoptera, up to 1894, has been collated and arranged by Ruperts- 
berger, while Beutenmiiller (1891) has catalogued the references to those 
of the American species : the recent paper by Roberts (1930) should also be 
consulted. In edition to the above general works, detailed studies of larva* 
of several families have been made by Gardner {Indian Forest Records: 
1926-43). 


Classification of Coleoptera 

Among the various systems of classification that have been proposed 
the most satisfactory one yet devised is due to Ganglbauer (1903). The 
major divisions adopted by this authority take into account a wide range 
of characters afforded by the external and internal anatomy and the meta- 
morphoses. As an historical study of the classification of the order is 
desirable to fully ^asp the system evolved by Ganglbauer, the student 
should consult a series of articles by Gahan (1911) or the prefaces to the wOTks 
of Fowler (1912) or Leng (1920). It is noteworthy that shortly after the 
publication of his classification Ganglbauer withdrew the family Hydro- 
philidae from the Diversicomia to form a separate series — the Palpicomia — 
but this emendation is not adopted in the present work. 

The major divisions of Coleoptera are as follows : — 


Sub-order I. ADEPHAGA 

Antennae filiform, rarely moniliform or irregular. Tarsi 5-jointed. Wing 
venation of Adephagid type. Ovarioles polytrophic, testes simple and 
tubular with one pair of accessory glands : four Malpighian tubes. Larvae 
active, predaceous and carnivorous : campodeiform or only slightly depart- 
ing from that type : definite tarsi and paired claws usually present. 

With a single family series. caraboidea 

(p- 495) 


Sub-order II. POLYPHAGA 

Antennae and tarsi very variable. Wing venation of the Staphylinid 
or Cantharid type. Ovarioles acrotrophic : testes follicular with one or 
more pairs of accessory glands : four or six Madpighian tubes. Larvae 
with very variable habits : campodeiform or eruciform ; the legs long or 
short, almost always without tarsi, and with single claws. 

The Polyphaga are divided into the following series : — 

t (2). — ^Wing venation of the Staphylinid ty^ without cross- veins 

or loop. Antennae filiform or clubbed, occasionally staphylinoidsa 
irregular. (p. 500) 

2 (i).— Wing venation of the Cantharid type, in some foims either 
so greatly reduced that the ty^ is unrecognizable, or 
approximating to the Staphylinid type. Antennae very 
variable. 

(9).— -Gular sutures and pleuro-stemal sutures of prothonUK 
distinct. 

4 ‘Antennsp without a lamellate club» 
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3.^ Tarsi i- to s^jointed, very rardy lieteromerous. 

6. ~ Tarsi heteromeroos. 

7. — Tarsi apparently 4-jointed. 

8 (4). — ^Antennae with a lamellate club. 

9 (3). — Gular sutures confluent, pleuro-sternal sutures of prothorax 

atrophied : tarsi as in 7 : head generally prolonged into 
a rostrum. 


\ 


m 


DlVERBlOOKSnA 

(p* 504) 

RETBROICBIU 

(P- 517) 

PHYT 07 HA 6 A 
(p. 5 M) 
LAMELUCORHIA 

(p- 531) 


RHYNCHOPHORA 
(p. 526) 


Sub-order I. ADEPHAGA 


Many of the characters of the Adephaga suggest that this sub-order 
includes the most primitive members of the Coleoptera. The presence of 
what is morphologically the second abdominal sternum, the usu^y filiform 
antennae, the pentamerous tarsi, the characters afforded by the venation, 
and the campodeiform larvae are dl suggestive of a primitive origin. Accord- 
ing to Gahan {Ann. Mag. Nat. Hist., 5, 1910, p. 57) most of the Adephaga 
are characterized by the presence of a noto-pleural suture on either side of 
the prothorax, and it is doubtful whether this suture is ever developed 
aunong the Polyphaga. Both larvae and imagines are predaceous and 
carnivorous ; a few exceptions are known but exact observations upon the 
feeding habits are not numeroiis. The Paussidae and Khysodidae are abnormal 
in certain features, particularly with regard to their antennal development, 
and the Gyrinidae are very highly modified for an aquatic mode of life 
Hydroporus is exceptional in that the anterior pair of tarsi aure 4-jointed. 

Key to the families of Adephaga (adapted from Fowler) : — 


1 (16). — Six or seven (rarely eight) visible ventral abdominal seg- 

ments, the first three connate but with the sutures 
apparent. 

2 (ii). — ^Metasternum with a transverse suture before posterior 

coxae, 

3 (8). — Transverse suture extending across metasternum, the 

latter continued as an angular process between the 
posterior coxae. 

4 (7). — Posterior coxae normal : antennae ii -jointed. 

5 (6). — Clypeus extending laterally before bases of antennae. 

6 (5). — Clypeus not extending laterally before bases of antennae. 

7 (4). — Posterior coxae very large and plate-like. 

8 (3), — ^Transverse suture very short, not extending across meta- 

sternum, the latter not prolonged between the posterior 
coxap. 

9 (10). — ^Anterior coxae conical, tibiae and tarsi with swimming hairs. 

10 (9). — ^Anterior coxae globular, no swimming hairs. 

11 {2). — ^Metasternum without a transverse suture before posterior 

coxae. 

12 (15^. — ^Posterior coxae contiguous: legs natatorial. 

13 (14) .--Eyes not divided : antennae normal. 

14 (13)* — ^Eyes divided : antennae very short, auriculate. 

15 { 12 ), — Posterior coxae widely separated : legs ambulatolial : 

antennae monilifcMnn. 


CICINDEUDJC 
(p. 496) 
CARABID^ ^ 
(p. 496)* 
HAUPUDA 

(p. 498) 

PElX>BnDJ* 

(P- 497) 

AMPHIZOID« 

(P- 497) 


DYXlSCIDAt 


(P- 498) 

GYRINlDiB 


(P- 499) 

ltHYSODlD.S 

(p. 500) 



4^ cotBommstA 

{i}.*^Abdoiii«fen with less tlian 6 visitale vmtml $egm«tttii 
usually more or less abuormail. 

97 (|8)*- -Abdomen ivith 5 visible segments, basal ones connate with 

no apparent suture antennas usually 2-jointed, some- pausstPA 
times 6-n-jointed, nearly always abnormally developed (p 499) 

tS (17). — Abdomen with 5 free, ventral segments : antennae ii-jomted, cupedida 
filiform. (p. 500) 

FAM. ClCINDELlDiC (Tiger Beetles) — ^The members of this family are among 
the most voracious and fierce of all msects, particularly in the larval stages and, on 
account of these habits, they have earned the popular designation of tiger beetles. 
They are characterized by the markedly prominent eyes, the large amd acutely toothed 
mandibles, and by the lacmia usually terminating m an articulated hook The legs 
are long or very long, and there are generally six ventral abdominal segments visible 
m the female and seven m the male (Fig 46^) The family comprises about 1800 
species, the majonty being denizens of tropical and subtropical lands About half 
Its members belong to the genus Ctctndela and to the latter are assigned the four 
British representatives of the family Tiger beetles are often brightly colojkred, 
although they seldom appear conspicuous in their natural surroundings Their 
movements are very active, they run with extreme rapidity and many quickly cake 
to the wing Although their flights axe of short duration, their darting movements 
render it extremely difficult to follow their course with the eye A large numbw of 
the species are most active m hot sunshme but others, including apterous forms, 
are nocturnal The species of Ctctndela chiefly aflect open sandy localities, either 
inland and away from water, or on the sea shore or along the margins of nvex^ : 
Collyns, Trtcondyla, and their alhes are largely arboreal 

The larvae of species of Ctctndela are desenbed and figured by Schiodte and by 
V. E Shelford (Joum Ltnn Soc Zool 30) They are characterized by the head 
and prothorax being larger and broader than the rest of the body The mandibles 
are large and there are four ocelli on each side The legs are rather long and slender, 
the tarsi bear paired claws and there are no anal cerci The most charactcnstic organ 
consists of a pair of hooks ansmg from a swollen base on the dorsal side of the 5th 
abdominal segment These larvcC are ground dwellers, living m burrows which may 
extend for a foot or more in the earth The broadened head and prothorax occupy 
the entrance to the burrow, and its curiously bent body enables the larva to maintam 
a firm contact with the sides of its abode This is mamly achieved by the dorsal 
hooks already mentioned, and the legs also assist m this respect. The food consists 
of other insects that may wander near the mouth of the burrow and, when the prey 
is sufficiently near, the larva suddenly throws back its head, seizes the victim with 
its long sharp jaws, and draws it within the retreat where it is devoured. According 
to V. E, Shelford the larva of Ctctndela purpurea requires twelve or thirteen months 
for its growth and during that time it passes through tliree eedyses The larva of 
Neocollyrts has been desenbed by R. Shelford (Trans, Ent Soc , 1907) and by van 
I^euven (Ttjd. Ent 19x0). It is of the typical Cicindehd form but there is only 
a single pair of ocelh on each side of the head. In the place of the pair of dorsal 
abdominal hooks there is a senes of three smaller hooks on either side of the same 
segment. This larva bores into the shoots of tea and coffee plants and, accordmg 
to van Leeuven, that of Trtcondyla is very similar m structure and habits. 

FAM, CARABIDifi. — ^This important family compiises over 24,000 desenbed 
speaes and is distributed throughout the world. In temperate regions its members 
are almost entirely ground beetles occumng m the soil, under stones, in moss and 
rO^ng wood, under bark, etc. The ^ytra m many species are firmly soldered together 
and the wings are often atrophied. In the tropics there are numerous arboreal genera, 
with well developed wings and considerable powers of flight. Carabidas are closely 
allied to the preceding family but are readily distinguished by the form of the cljrpeus, 
and the absence of the terminal hook on the lacima of the maxilla. In many genera 
llte legs are slender, and adapted for runmng ; in others (Cltvtna, Dyschtrtus, etc.) 
Ihejr are shorter, and are used for digging. Although a considerable number of the 
species are metallic or otherwise brightly coloured, the majonty have the sombre 
coloration of ground insects Many Carabidae, in their general configuration, 
bear a resemblance to the Tenebnomdae, but may be easily separated upon tarsal 
Characters. Although both the larvae and adults are essentially carnivorous a few 
hnm been recorded as devouring cereals and the seeds of plants* the habit being 
% lM>se 4 m species of Harpedus, Zabrus, Omophron and Amura. Hofpahis ngSecewfi 
causes damage to strawbenies, Caiosanta largely preys upon l^ld^^j^tlPDiis 
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Europe. 


Uft^ 4 Ui 4 « of teceolt 0. sycophmOai h»B bnpoiUid in Haige ntimb^ itm 
EiMpe into N. Amenca, in oirder that its predaceous habit may be utilised in destroying 
the larvm ol ike gipsy and brown-tail moths (vide Burgess, U.S, Bur. Entom. Bull. 

lox ) . Species of Auophihalmu 4, and other 
genera, are devoid of eyes and live In 
caverns or beneath huge boulders deeply 
embedded m the earth. Members of the 
tnbe Brachinina have the property ol 
secretmg an evil smelhng defensive fluid 
from the anal end of the body. In tiie 
case of the Bombardier beetles [Brachi* 
nus), this fluid rapidly volatili/es into a 
gas which appears like a mmute jet of 
smoke when it comes into contact with 
the air, and its discharge is accompanied 
by a distinctly audible sound. The fluid 
possesses caustic properties producing an 
effect upon the skin resembling that of 
mtric acid 

Caxabid larvae (Fig. 481) are very 
active, linear or elongate in form, with zo 
abdominal segments, and the legs are 
terminated by a pair of claws The head 
carries a pair of sharp calliper-like man- 
dibles and there are six ocelh on either 
side The 9th abdominal segment cames 
a pair of cerci of vanable length and the 
loth segment is tubular m form, and 
generally provided with a pair of pro- 
trusible vesicles (vide Kemner, 191 3A). 
In addition to the wntmgs of Schiodte 
and Xambeu, a number of Carabid larvae 
are described by Bovmg {Ent Medd 1910, 1911) Dimmock and Knab (1904), and 
Kemner (19x2, 19x3) and the larva of Pelophtla by Johnson and Carpenter {Trans. 
Ent. Soc., 1898) 

The Carabidae are divided mtofoursub-famihes, the largest 
being the Harpahnae with over xo,ooo species The Carabmae 
comprise many of the larger and more stnkmg forms (Fig. 

480}, and tne Mormolycmse include only the Malayan genus 
Mormolyce, in which the lateral borders of the elytra are pro- 
duced into broad leaf-like expansions. The Pseudomorphinse 
are likewise an aberrant group, and have the head grooved 
on either side for the reception of the antennas 

PAM. AMPHlZOIDiE. — ^A very small family consisting 
of a few species which are mdigenous to N. America and 
Tibet. They frequent cold, rapid streams where they chug 
to stones and timber, but are not adapted for swimming. 

The larva of Amphtzoa is described by Hubbard [Pros. Ent. 

Soc. Washington, X892) : it is likewise aquatic, the side mar- 
gms of the segments are extended mto lamellate prolonga- 
tions and the larva bears a close resemblance to that of a 
Silphid. Six ocelli are present on either side, the tarsal claws 
are paired, and there are eight abdominal segments termin- 
ated by a pair of short spme-hke cerci The only pair of 
tunctional spiracles are terminal, the remammg pairs being 
obsolete. 

PAM. PELOBlIDflS (HygrobUdse) Like the Amplu- 
ioidse this is a very small family with a remarkably discon- 
tinuous geographical range, its single genus Pelobtus {Uygrobta) 
ocQunring m Bntain and South Europe, central Asia and 
AustnUia The soedes are aquatic but, unlike those of Am- 
Phifott, thp legs are adapted for swimming. Pelobtus tardus is capable of loud stridu- 
latiiCHa which is produced by rubbmg the apex of the abdomen against a file on the 
utpect ol the dytra. The larva of this speaes is figured by Schiddte ; the 
tpiriehig am minute and functaonless, and it respires by means of a senes of ventral 
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branchial. The body has a club-shapedappearance owing to the greatly enlarged head 
and prothorax and the narrow linear abdomen. The latto is terminal by two very 
long cerd and a median process of very similar proportions. For an account of the 
biology of this species vide Balfonr-Browne (Proc. ZooL Soc,» 1922). 

FAM. HALlPLIDifi. — family of small aquatic beetles of very wide geographical 
range. They and their larvae feed uxx)n algae in both running and standing water, 
where they are found among aquatic vegetation or under stones. Three genera and 
rather more than a dozen species are British. Their larvae are very peculiar and quite 
distinct from those of any other family of Coleoptera. The whole body is invested 
by segmentally arranged groups of fleshy process, which are long and thread-like in 
Cnemidotus, and shorter in Haliplus. In the latter genus there are eight pairs of 
abdominal spiracles, but in Cnemidotus spiracles are wanting and the processes of the 
body'^wall function as tracheal gills (vide Bertrand, 1928). 

FAM. DYT 1 SC 1 D.A (True Water Beetles). — ^Although this family occurs all over 
the world it is more especially characteristic of the palaearctic region : nearly 2,200 
species are known, over 100 being British. Its members frequent both running and 
standing water, one or two species inhabit thermal springs, while others occur in brackish 
or more or less salt water. The remarkable eyeless genus Sxettxtia has been found 
in a deep well fed by a subterranean spring in France. The structure and classification 
of the family form* the subject of a comprehensive memoir by Shaip (i88o-8z) land 
this authority points out that, although the Dytiscidae are aquatic in their larval tod 
imaginal instars, they are to be regarded as modified terrestrial Adephaga. In this 
connection it may be noted that (i) in their general structure and venation they 
resemble the Carabidae, the main differences being in the form of the metastemu'm, 
the hind coxae, and natatorial legs ; (2) they drown more quickly than many land 
beetles do, the imagines can exist perfectly well on land, and are capable of prolonged 
flight ; (3) the pupae, so far as is known, are terrestrial. These insects may be readily 
distinguished from the Hydrophilidae, which they resemble in general shape, by their 
filiform antennae : Dytiscidae are, furthermore, exclusively carnivorous both as larvae 
and adults. The hmd-legs function as swimming organs, and are greatly flattened, 
widely separated and fringed with long hairs* In the males of certain genera the 
first three joints of the fore tarsi are dilated to form highly efficient adhesive pads 
which are provided beneath with cup-like suckers. The latter are moistened with a 
glutinous secretion and, according to Blunck {Zetts, wtss, ZooL, 1912), this product 
indirectly aids adhesion after the manner of grease in an air-pump and, directly, by 
increasing the adhesive force. The male, by the aid of these suckcr-pads, is enabled 
to retain hold of the female for many hours continuously. The best known member 
of the family is Dyttscus marginalts, a species which has been more fully studied from 
every aspect than any other example of the Coleoptera. The eggs of this insect are 
laid singly, each in an incision made by the ovipositor in the stem of a water-plant. 
The larva is extremely voracious and preys upon various aquatic animals including 
molluscs, worms, insects, tadpoles and even small fishes. Ihe victim is pierced by 
the long sickle-shaped mandibles which, as Meinert and others have shown, are per- 
forated apically and traversed by a fine canal (Fig. 472). The latter communicates 
at the base of the mandible wifh a transverse conduit which, along with its fellow 
of the opposite side, opens into the pharynx. A secretion of the mid-gut is injected 
through the mandibles into the prey and digestion of the tissues of the latter takes 
place externally (vide p. 112). By means of the pumping action exerted by the pharynx 
the liquefied food is imbibed through the mandibular canals and thence into the gut. 
For details concerning the structure of the mouth-parts and the physiological questions 
involved vide Portier (1911). In the imago, on the other hand, the mandibles are 
masticatory and digestion takes place wholly internally. The larva swims with the 
aid of its legs which are fringed with hairs and are efficient oars : it is also capable 
of making sudden movements by throwing its body into serpent-like curves. The 
last two abdominal segments and the small pair of terminal lobes are fringed with 
hairs, which enable the larva to hang head downwards, suspended from the surface 
film. In this position it is able to take in air by the caud^ pair of spiracles : the 
remaining seven pairs of the latter organs are rudimentary and closed. When fully 
fed, the larva makes its way to the moist earth near the water, and there constructs 
a odl in which pupation takes place. In the adult beetle the last two pairs of spirades 
are markedly kurger than those preceding. When the insect comes to the surface to 
breathe the caudal extremity rises above the water, thus placing the enlarged spiracles 
ir communication with the atmosphere. A supply of air, furthermore, is retained 
beneath the dytra and clings to ths felted hairs covering the abdominal terga^ This 
ji mtilked during submergence and is renewed when the beetle comes to the forlace, 
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the diytra being dightly elevated lo allow of the free entJy of air beneath them. 

The literature on DyHscus is very extensive : for further details concerning its 
structure and biology reference should be made to the great monographic work e<Sted 
by KorscheJt (1923). The larvae of Dytiscidae and of the two preceding families are 
very fully described in the recent memoir by Bertrand (1928). 

FAM. GYRINIDiE (Whirligig Beetles). — Included in this family are about 450 
species which are surface swimmers. They are mostly gregarious and sometimes 
occur in large congregations. Individuals are seen constantly darting in graceful 
curves around one another with an agility that renders their movements diftcult to 
follow with the eye. The various species are very uniform in appearance, being ovoid 
or elliptical, more or less flattened, and of a steely-black or bronze lustre. The antennsB 
are very different from the prevalent Adephagid type, being extremely short and 
stout, auriculate basally, and inserted beneath the front. The eyes are divided into 

upper and lower organs, and it has been suggested that 
the former are adapted for aerial vision and the latter for 
use beneath the water. The lore-legs are long and pre- 
hensile : in the male the tarsi are often dilated and pro- 
vided with suckers. The hind-legs are broad, greatly flat- 
tened, and highly adapted for swimming, wliile the middle 
pair are similarly modified, but in a lesser degree. Gyrinus 
IS chiefly carnivorous and its eggs arc laid end to end in 
rows upon submerged water plants. The larva (Fig. 482) 
is elongate witli deeply constricted segments, the man* 
diblcs are pointed and perforated 
by a sucking canal, and the legs 
long with paired claws. Each of 
the first eight abdominal seg- 
ments bears a pair of plumose 
tracheal gills, and two pairs ol 
similar organs are carried on the 
9th segment. Pupation takes 
place m a cocoon which is 
altaclied to water plants. Orccto- 
chilus is the only other British 
genus and is mainly nocturnal 
in liabits. 

FAM. PAUSSIDiE. — The 
Paussidse include some of the 
most remarkable of Coleoptera 
and probably all their species 
live in some degree of association 

with ants. They inhabit subtropical and tropical countries, 
particularly those of the old world ; almost all the species 
are small, and more than 300 are known. They difler 
from the usual Adephagid type in possessing fewer than 
six ventral abdominal segments, but the researches of 

Fig. 4^2. Gybisub mabi- Escherich, Wasmann, and others show that they resemble 

BVA, Larva x 6 . Carabidje in certain features of their internal anatomy. 

From Fowler (F.B.I.) afitf Most of the peculiarities which distinguish the Paussidae 
Schiodte. from other families are adaptations to a myrmecophilous 

life, and are most strikingly exhibited in the antennae (Fig. 
483). In Pfoiopaussm these appendages retain the simple ii-jointedCaxabidtype; in 
Ceratopterus and other genera they are lo-jointed and exceedingly broad and com- 
pressed ; in Pleuropterus most of the joints are soldered together and in Paussus and 
many other genera they are 2-jointed. The second joint is greatly enlarged to form a 
club, which assumes the most bizarre shapes, aoid is probably develop^ as the result of 
the consolidation of an originally multiaxticulate flagellum. According to Wasmann 
(1910) the antennal development is correlated with the ^owth of a 'glandular exuda- 
tory tissue which produces an aromatic secretion. This tissue is found not only in tbs 
enl^ed antennal joints but also beneath the body-wall of the head, prothorax and 
apex of the abdomen. Its positions are indicated by the presence of tufts of ydlow 
hairs or groups of cuticular pores which facihtate the diffusion of its secretion. The 
latter is eagerly licked by the ants off the bodies of their Paussid inquilines, who are 
thus enabled to make a return for the hospitality they receive. The metamorphoses 
Of the family have received very little attention : the larva of Paussus is of a modified 



Fig. 483. — Paussus tmia- 
cBus, Tenasserim. 

After Fowler (F.B.I.). 
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FAM* RIIYSO010/B.*— The memtbers of this small family are readily distinguished 
from other Adephaga by their stout and conspicuously moniliform antennas (Fig. 484). 
They are linear insects, usually black or dark brown, and somewhat flattened in 
accordance with a life spent in rotting trees or under bark. The position of the 
family is doubtful and it appears to have affinities with the 

Colydidae and CucujidaB. Rather 
more than 100 species have been 
described and they are widely 
distnbuted in both hemispheres. 

Nothing appears to bo known 
concerning their metamorphoses 
but their larvas probably prey 
upon other lignicolous insects. 

FAM. CUPEDIDi® (Cupe- 
sidm : Fig. 485). — ^A very small 
himily ranging into both hemi- 
spheres, including Australia. Its 
systematic position is very un- 
settled and Lameere regarded it 
as the most primitive family of 
beetles. The fusion of the 2nd 
and 3rd abdominal sterna, how- 

Fio. 484. — RarsoDsa gyer argues against tliis view. Vra aRc CnPBM 

and the family is placed by 

ii/ter Fowler (F.B.I.). Sharp with the Cucujlds. The /j/Zer Lameere. 

venation has apparent Adepha- 

gid aflSnities and, as Gahan has pointed out, the presence of noto-pleural sutures 
on the prothorax suggests a like relationship. The larva of Cupes, however, is very 
different from the Adephagid type (vide Snyder, Proc. Eni. Soc. Washington, 1913) and 
in a wood borer. The body widens somewhat posteriorly and terminates in a stont 
anal spine ; there are no cerci and the legs are short with a bifurcate claw. 




Sub-order II. POLYPHAGA 
Superfamily I. Staphylinoidea 

VENATION OF THE STAPHYLINID TYPE, OFTEN MUCH REDUCED. ANTEN- 
Kj® simple or CLAVATE, rarely irregular, tarsal joints VARIABLE. 

: TESTICULAR FOLLICLES SESSILE TWO PAIRS OF MALE ACCESSORY GLANDS ; 
'MALPIGHIAN TUBES FOUR. LARV® CAMPODEIFORM OR NOT WIDELY DIVER- 
THEREFROM. 

The greater number of the species of this superfamily are of small or 
small size and it includes the most minute of all Coleoptera. It 
only among the Staphylinidae, Histeridse and Silphidae that any con- 
c'^M^able proportion of the species attain even a moderate size. The 
ji^aphylinoidea exhibit great diversity of habits : the great majority are 
'^prophagous or fungivorous, a smaller number are predaceous upon 
^ilbeGts or other animals, several hundreds are denizens of ants' or 
nests and one or two species are parasites. 

The following table (chiefly after Leconte and Horn) will serve as an 
to the recognition of typical members of the various families. 

(4}.~Abdomixial segments corneous dorsally : elytra much 
^ abbreviated. 

^ /3).**->^!iM>doininal segments flexible, 8 visible ventrally : tami Staphylinidae 
3. 4 or siointed. (9^ 

: segments connate, 3 or 6 visible ventrally : 

- r with not more than 3 joints. 



4 doubly ex^&apt wlm 
opposed at the apex ; el5rtra usually odrvenng or almost 
covering the abdomen. 

5 (6}.^^^ntenna9 geniculate. 

6 (5). — ^Antennae not geniculate. 

7 (i6). — Legs with at least one pair of tarsi 5-jointed. 

8 (ii) — Mentum large, the palpi distant at base 

9 (10). — Mentum transverse, hmd angles prolonged. 

10 (9). — ^Mentum prolonged into three obtuse lobes beliind. 

11 (8). — ^Mentum moderate or small, palpi approximated basally. 

12 (13). — ^Eyes coarsely granulated, postenor coxae slightly trans- 

verse ; very small insects. 

13 (12). — Eyes finely granulated, posterior coxae strongly trans- 

verse : size vanable. 

14 (15). — Posterior coxae widely separated. 

15 (16). — ^Posterior coxae not widely separated. 

16 (7) — ^Tarsi 3- or 4-jointed. 

17 (22) — ^Tarsi 3-jointed. 

18 (21). — ^Abdomen with 6 or 7 sterna. 

19 (20). — ^Antennae slender, verticillate, abdomen not prolonged. 

20 (19). — ^Antennae short, not vertuillate, abdomen prolonged. 

21 {18). — ^Abdomen with 3 sterna. 

22 (17). — ^Tarsi 4-jointed. 

23 (24) . — Posterior coxae laminate : insects capable of being more 

or less contracted into a ball. 

24 (23), — Not as m 23 : third tarsal joint very small. 




Histerida 

(p. 504) 


Leptinidae 
(P- 503) 
Platypsyllida 
(P- 503) 


Scydmaenidae. 
(P- 502) 


Scaphidiida 
(P* 504) 

Silphida : part 
(P- 502) 


Tnehopterygida 
(P- 503) 

Hydroscaphida 

(P 504) 
Sphaerudae 

(P- 504) 

Silphidae (part) 
(p. 502) 
Corylophidae 
(P 504) 


PAM. STAPHYLINIDiE (Rove Beetles : Figs. 464, 486) — The principal feature 
of this family is seen in the very short elytra, hence the older name of Brachelytra 
for the group. Notwithstanding the small size of these organs, they conceal large 
well developed wings, which are complexly folded away beneath them On the other 
hand the unfolding of the wings can take place with great rapidity, thus allowing 
the insect to resort to almost instantaneous flight. In a few genera (Olophmm, 
Laihrtmaum, etc ) the elytra are larger than usual, leaving only the apex of the 
abdomen uncovered. The head is very vanable in form and size and frequently 
differs in the sexes : the antennae are 10- or ii-jomted and either filiform or more or 
less clubbed. The eyes are very variable in development though rarely wanting and» 
in a few cases, a single ocellus or a pair of these organs is also present The number 
of joints to the tarsi is inconstant and the latter axe sometimes heteromerous. The 
abdomen is frequently terminated by a pair of styhform appendages, and certain 
species exhibit the curious habit of curling the distal portion of the hmd-body over 
the back in a threatening manner. The Stapbylmidas include more than 14,000 
species of which over 800 inhabit the British Isles. The majority of species are small 
and mconspicuous, but a few are brightly coloured and the largest British species, 
Oeypus olens (Fig. 486), attains the exceptional length of 28 mm. Members of the 
fa^y alxiund where there is decaying organic matter, including dung and dead 
animals, while many are predaceous. More than 300 species are known to be myme* 
Gopbilous (vide p. 593) : thus Mymedoma includes synechrans preymg upon dead or 
disabled ants, while other genera hve as tolerated guests of Dorylme ants and exhibit 
a remarkable mimetic resemblance to the latter. Dtnarda is a synoekete m the nests 
of certain species of Forftitca and the Aleocharme genera Lomechusa and Atem^h$ 
ate highly evolved symphiles which are assiduously tended by ants. Numerous 
termitophilous genera have been brought to hght by Silvestri, Tragirdh and others, 
Caiain of ttese are viviparous, and Corotoca, Spirachtha, Terfnttomtmus and other 
ate ^ysogastne, the abdomen assommg bizarre forms. 
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Staphytinid larvse (Fig. 200) axe typically campodeiform and often closely resemble 
those of the Carabidse. There is no distinct labrump the body is protected by chithi* 
ized segmental scuta and the terminal segment is tubular. The legs have only 
one claw and cerci are present. The larvae of certain species are definitely known to 
be carnivorous and predaceous, a habit which is apparently very general. The larvae 
of Aleochara bilineata Gyll. and A . algarum Fauv. are pupal parasites of cyclorrhaphous 
Diptera. The life history of the former species has been followed by Wadsworth 
^oum. Econ, BioL, 1915). The newly hatched larva is campodeiform and gnaws 
its way into the puparium of its host. It subsequently undergoes hypermetamor- 
phosis, becoming eruciform, with obvious degeneration in adaptation to a parasitic 
me. There is, furthermore, strong piesumptive evidence that members of other 
genera are similarly parasites, and they are likely to afford a considerable field for 
investigation. The degenerate eruciform type of larva also occurs in Lomechusa as 
an adaptation to myrmecophilous habits. The larvae of Syniomium and Mtcropeplus 
are aberrant, being short and broad and markedly onisciform. A considerable number 
of Staphylinid larvae have been described by Kemner, Schiodte and others : for a 
generic S3niopsis of the family vide Eichelbaum (1009). 

FAM. PSELAPHIDiC. — large family of very small reddish or yellow beetles 
bearing a resemblance to ants. Although worldwide in distribution it attains (its 
greatest development in the tropics. The species mostly live 
in ants* nests ; they present great diversity of form, the 
antennae and maxillary palpi being especially remarkable. 

The Pselaphinae usually have ii-jointed antennae and greatly 
developed maxillary palpi, notably in the males of certain 
genera. The members of this sub-family are less highly 
modified than the Clavigerinae, some are known to be myme- 
cophilous, while others occur under bark, among moss, etc. 

The Clavigerinae are sometimes regarded as a separate family, 
and are true symphiles. The antennae are composed of one 
to six joints and rival those of the Paussidae in their speciali- 
zation : the maxillary palpi are greatly reduced or rudimen- 
tary and are evidently no longer needed in species which are 
fed by their hosts. At the base of the abdomen there is an 
extensive hollow which is surrounded by tufts of golden yellow 
hair diffusing a substance that the ants are fond of. The 
European Claviger iestaceus is well known and lives in the 
nests of Lasius : the ants feed it with regurgitated food and 
individuals have been kept under observation by Janet for 
over four years. The chief authority on the Pselaphidae is 
Rafifray and some of the more remarkable forms are figured 

in his monograph (Gen. Inseciorum) : rather more than 30 piQ. Oerpoa 

species are British. The larva of Chennium resembles the olsjvs, Male x 2. 

Staphylinid type and is described by Xambeu (Rev. d’Ent., Europe. 

1S89). 

FAM. SCYDMiENlDiE. — ^Thc members of this family are almost all very small 
insects : they are very widely distributed and more than 1,200 species are known, 
about two dozen being British. They mostly occur in moss under bark, etc., or in 
ants* nests, often in company with Pselaphidse. Although related to the latter family, 
their 5-jointed tarsi, and longer elytra, afford a ready means of separation. They 
are more closely allied to the Silphidsc and chiefiy differ from the latter in the coarsex 
eye-facets and the separated liind coxae. The larva of Scydmanus tarsatus is figured 
by Meinert (Ent. Medd. I) : it is flattened and onisciform in general shape with 
laterally expanded margins to the segments. Scarcely anytliing appears to be known 
of the biology of the family. 

FAM. SILPHID.^. (Burying and Carrion Beetles). — ^A large family more especially 
characteristic of the holarctic region. They exhibit great diversity of form and 
dimensions, some being extremely minute while others attain a comparatively large 
size. The antennae are either davate, or thickened distally, and the elytra frequently 
leave the apex of the abdomen exposed. The tarsi are generally 5-jointed, but are 
variable, and sometimes heteromerous. The various species mostly live on carrion, 
fungi or decaying vegetable matter, a few are only found in ants* nests, and a number 
of eyeless species occur in caves. The conspicuous black or black and orange burying 
beetles (Necrophorus) are well known to excavate the ground beneath small dead 
animals, thereby burying them. They also frequent larger carcasses m considerable 
Mxnbers. Their eggs are laid in these corpses and their larvae lead a saprozoic life* 
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SUpha comprises the roving carricm-heeiles (Rg. 487) : the larveof some Spekes waodet 
in search of decomposing animal matter, those of S. airata and lavigata are predaceous 
upon that of S. quadripunctata preys upon lepidopterous larv», while the larva 

^ of 5 . opaca often attacks beet 

and other root crops. Anisth 



toma and Agathidium com- 
prise a number of small species 
found among damp herbage, 
in fungi, under bark, etc. 
The minute forms constitut- 
ing the Clambinae are often 
regarded as a distinct family : 
they have the faculty of curl- 
ing themselves into a ball and 
the tarsi are 4-jointed. The 
larvae of the Silphidae exhibit 
great diversity ol form : those 
of several genera are well 
figured by Schiodte and a 
table of the described forma 
is given by Peyerimhoff {Ann. 
Soc, Ent. Fr. X906). The 
campodeiform type is ex- 
hibited in Anisotoma, Catops 
and other genera : the larvae 
of Siipha are greatly broad- 
ened and flattened and bear 
a resemblance to trilobites : 


Fig. 487. — SiiPBA TRi/tTia, T.arva and Imago. in Necrophorus (Fig. ^HS) they 

are large yellowish fleshy 
grubs, with narrow spinose 
dorsal shields, and reduced anal cerci. The family comprises about 900 species, 
considerably over 100 being found in the British Isles. 

FAM. PLATVPSYLLIDi®, — The single species (Platypsyllus castor i^) which forma 


this family is one of the most aberrant of the Coleopicra. 

It has been found on the beaver in Europe and America 
but whether it preys upon ectoparasites of that animal, or 
feeds upon cutaneous substances only, is unknown. The 
head is provided with a comb-like row of spines near the 
hind margin, eyes are wanting and the mandibles are vesti- 
gial. The maxilla), however, are well developed and not 
unlike those of other Coleoptera. The elytra are short, 
leaving six abdominal segments exposed, and there are no 
wings. The relationships of this curious insect have been TO 
much discussed, and it has been regarded as constituting 
a separate order. The larva, however, is undoubtedly 
coleopterous ; it is well figured by Bugnion and du 
Buysson {Ann. Set. Nat. Zool 10 Ser,, t. 7, 1924) who also 
discuss the affinities of the family. 

FAM. LEPTINIDi®.— This very small family is closely 
allied to the Silphidae; the antennae are long and fihform 
and the eyes are vestigial or absent. Lepttnus testaccus 
occurs in Britain and is holarctic in its range. Its habits 
are unknown but it has been found in rotten wood, in the 
nests of birds and field mice as well as in those of Bombus 
and Formica. Leptinellus is stated by Riley to live on the 
beaver in company with Platypsyllus, and its structure is 
described by Bugmon and du Buysson {loc. cit.). ^ 

FAM. TRICHOPTERYGIDi®.-All the members of 
this family are exceedingly minute : the neotropical JVano- * ‘ 

sella fungi is stated to be the smallest known Coleopteron schiodte. 
and measures *25 mm. long, while the maximum size in 

any species is only about 2 mm. The el3rtra are variable in length and the wings 
are very narrow, with a marginal fringe of exceptionally long hairs. These insects 
abound in decaying vegetable matter of various kinds^ in fungi, and under bark. The 
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iiurvee are ngured by t^ems (1876) end by Mattheem. Tbe lamily is probably 
nearly world- wide and about So species are found in England (vide Matthewe> i8ye)r* 
FAM* HYDROSCAPHIDiE. — ^These very minute insects are Tnchopterygidse 
adapted for an aquatic life (Fowler) They occur m runmng water, including hot 
springs, and the larva of Hydroscapha is well figured by ^ving (Ptoc. EnU Soc. 
Washington^ 16) According to this observer its structure shows that the genus 
must be referred to the Hydropliihdae It is apneustic and respiration is stated to 
take place by means of three pairs of jointed processes Only four or five species, 
from Southern Europe, India and N America, are known 

FAM. SPHiERllDifi. — ^A small family consisting of about half a dozen mmute 
Speaes of which Spheartus acatotdes occurs m the English fen distnct 

FAM. CORYLOPHID-®.— The species of this family mostly occur in rotting 
wood or decajnng vegetation They are all very small, the wings are fringed wito 
long hairs and the tarsi apparently 3 jomted, the third joint being minute and con- 
cealed by the second The larvae of Orthoperus amd Arthrohp^ are figured by Perns. 
This family, together with the Sphaenidae, has been monographed by Matthews (1899). 
Aphanocephalus is an anomalous genus and has been separated to form the fai^y 
Pseudocorylophidae. I 

FAM. SCAPHIDIID®. — ^The members of this family are fungivorous or occur in 
rotting wood both as larvae and adults They are small, oval, convex and very ^izi 
ing insects with filiform or slightly clavate antennae Iheir afonitus have been much 
disputed, some authorities placing the family m the Diversicornia Only about 300 
species are known, and the few British representatives 
belong to the genera Scaphidtum and Scaphtstoma The 
larva of the last-mentioned genus is described by Perns 
it IS ot a modified campodeiform tjqie with elongate 
hairs along the sides, rather long antennap, and greatly 
reduced cera 

FAM. HISTERID®.—- The Histeridae aie a large 
family of compact hard, shining beetles with geniculate 
and strongly clubbed antennae Ihe elytra are trun- 
cated behmd leaving the two apical segments exposed 
For the most part they are black or brown insects, but 
in some cases the eljrtra are marked with red, and a few 
species are metallic When alarmed they simulate death 
and closely retract the antennae and legs beneath the 
body Hister (Fig 489) frequents dung and can ion: 

Hololepta and Platysoma live beneath bark and are 
greatly flattened others are cylindrical and live m the 
burrows of wood-boring msects. Several geneia arc 
found m ants' nests and others m those of termites 
The larvae have a soft and often much wrinkled in- 
tegument, very short legs and no ocelli or labrum Ihe mandibles and palpi are 
prominent, while the broad 9th abdominal segment bears short 2 jointed cerci 
So far as known they are carnivorous , the larva of Saprinus vtresuns preys upon 
that of Phmdon, Hister pustulosus attacks Agrotid larvae, while the dung-feedmg 
and ligmcolous forms probably prey upon dipterous and othei larva* The genus 
Nipontns is chiefly characterized by the very large head and slender tarsi its larva 
frequents the burrows of Scolytidae and probably preys upon the immature stages of 
the latter Ntpontus occurs in J apan, the Himalaya and Borneo, and has been regarded 
es representmg a separate family for its larva, see Gardner ifiyll Fnt Res 21, 1930). 

In addition to the foregoing, the Phaenocephahdae are a very small family contaming 
a smgle genus which occurs in Japan, 

Superfamily II. Diversicornia 

VENATION OF THE CANTHARID TYPE OR APPROXIMATING TO THE STAPHY- 
tlNXD TYPE, SOMETIMES GREATLY REDUCED. ANTENN® VERY VARIABLE. 
TARSI 1 TO 5 -JOINTED, ONLY EXCEPTIONALLY HETEROMEROUS. TESTICULAR 
I^OLLICLES SESSILE : TWO OR THREE PAIRS OF MALE ACCESSORY GLANDS t 
FOUR OR SIX MALPIGHIAN TUBES LARV® SOMETIMES CAMPODEIFORM, MORE 
0FTBN OF AN INTERMEDIATE TYPE OR ERUCIFORM IN SOME CASES APODOU9* 

{ucluded in this superfamily are the series Clavicomia and SerricooEua 



Fig 489 — HibiER usioowr 
ruRoiF 




ci tamf authorities, laeaeit^ cohneic^ by 

transdtional forms rendering tiieir exact definition impokiUe. To pye 
any tabular synopsis of the families of the world is a matter of great Sffi- 
culty. Their affinities are so intermingled, and exceptions are so numerous, 
tfiat only a very cumbrous and highly involved synopsis is possible at 
the attempts that have been made mostly have only a limited application , 
and are often misleading. The student is, therefore, advised to become 
thoroughly acquainted with the structure of the more easily recognizable 
families in the first instance, and gradually identify the remainder with the 
aid of a reference collection. In drawing up the family characters free use 
has been made of the works of Sharp and Fowler. The following families 
(pp. 505-511) are regarded as constituting the old series Clavicomia which 
usually have clubbed antennae : their order of arrangement is entirdy 
provisiorial. For the larvae of many of the families see Verhoeff (igza), 

FAM. SYNTELIIDi®.— Antenn-® strongly clubbed, fore and hind coxis 

TRANSVERSE, CONTIGUOUS. ABDOMINAL 
SEGMENTS CORNEOUS, APEX OF ABDOMEN 
NOT COVERED BY ELYTRA. A Very Small 
family related to the Histerid® and Sil- 
phid®. Synielia 
(Fig, 490) occurs 
in Mexico and the 
Orient where it has 
been found at tlie 
sap exuding from 
wounded trees. 

The SPH^RI- 
TIDiE are closely 
allied to the above 
and are repre- 
sented by Sphet^ 
rites: S.glabratus 
is found in decay- 
ing organic matter 
and, though rare 
in Britain, is 
widely dis- 
tributed in the holarctic region. 

FAM. TROGOSITID.®. — CLOSELY 
ALLIED TO THE NITIDUUD®, BUT WITH THE 
XST TARSAL JOINT VERY SMALL AND THE 
5TH NORMAL : HIND COX® CONTIGUOUS. 

The majority of species of this family are tropical, only three genera and as many 
species being British. They vary greatly in form, some being elongate and cylindricaj^ 
Others almost hemispherical. Several genera inhabit decaying trees, and prey ufotk 
die larv® of other lignicolous insects, while others occur in fungi. The cosmopolitim 
** Cadelle Tenebrioides maupitanicus (Fig. 491) is found in hour, grain and many 
other stored products : it is often injurious but the damage it causes is to some extemt 
counterbalanced by its also being predaceous. Its whitish cylindrical larva is ftir-i 
ni^ed with long set® along the sides and the thoracic terga are protected by ch a tin^ 
ised shields: the last abdominal segment is brown-black and bears two sti;mig 
spines. The larva of Nemosoma is described by Erichson {Naturg, Ins, Deuisch., 3) 
that of Thymalus by Chapius and Canddze and the larva of Temnochiia by Petris* ' 

FAM. HELOTIDiB. — ANTERIOR and middle COXAL CAVITIES ROUND, ALL THt 
WIDELY SEPARATED. ABDOMEN WITH FIVE VISIBLE VENTRAL -SEGMENTS, ALL, 

WomtE, The members of this family are closely allied to the Trogositid® and Nitit 
: the shape of the coxal cavities and the presence of two raised waxy spodi 
elytron serve to distinguish them. About 40 species are known fmm ' 
Q^ntaljreglon and Japan. They have been observed by Lewis feeding on the exudi^» 
trees. ^ 

yXM. BYTURIB ANTENN® II-JOINTBD, 


Fig. 



Systelia 


After Fowler (F.B.L). 



Fig. 491. — TsNEnmotDEs MAvniTANJCtfs. 
A, Larva ; B, Imago. Enlarged. . 

After Fletcher and Ghosh. Proe 3rd EtU, 

Pusa. 19x9. 
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COLEOFTERA 


506 

ANTERIOX COXAX, CAVITIES CLOSED BEHIND, ICESEEIMBRA BEACHIKO MIDDLE COXAl 
CAVITIES. TARSI 5- JOINTED, 2 KD AND 3RD JOINTS LOBED BENEATH, 4TH JOINT SMALL : 
CLAWS TOOTHED. This small family is constituted by the genus Bytufus and includes 
a few small pubescent species infesting the raspberry and allied plants. The adults 
often cause great injury to the blossoms and the larvae are destructive to the fruit ; 
for the biology of By turns tomentosus vide Theobald (Ins. Pests of Fruit), The position 
of the family is doubtful and Sharp relegates it to the Dcrmestidae. 

FAM. NITIDULIDi®. — ^mostly small insects often with at least one or 

TWO ABDOMINAL SEGMENTS UNCOVERED BY THE ELYTRA. ALL THE COXM SEPARATED 
AND EACH WITH AN EXTERNAL PROLONGATION. TARSI USUALLY 5- JOINTED, THE 4TH 
JOINT SMALLEST. ABDOMEN WITH FIVE VISIBLE SEGMENTS. A large family of about 
2,200 species which are extremely variable in form, structure and habits (Fig. 492). 
Several genera with abbreviated elytra very closely resemble Staphylinidae. A large 
number inhabit flowers and, in some cases, are restricted to particular species of the 
latter : others are found in fungi or in decaying animal matter : Carpophilus occurs 
in dried fruits, grain, etc., while Glischrochilus Qps) and Rhizophagus are found under 
bark or at exuding sap. The two latter genera connect this family with the Trogosi- 
tidse. The larvae of various Nilidulidae have been studied by Perns. Those of cmain 
species of Mehgethes are sometimes injurious to cultivated Cruciferae while the larvae 
of Glischrochilus and Rhizophagus are predaceous upon Hylurgus, Hylohiu^^nd. 
other xylophagous Coleoptera. \ 

FAM. CUCUJIDiE. — usually flattened insfcts with the antennae o^ten 

SIMPLE BUT SOMETIMES DISTALLY ENLARGED. TARSI 
4- OR 5-JOINTKD, SOMETIMES HETEROMEROUS IN THE 
MALES, FIRST JOINT OFTEN SHORT. FORE AND MIDDLE 
COXiB GLOBULAR BUT WITH AN ANGULAR EXTERNAL 
PROLONGATION. ABDOMEN WITH nVE MOVABLE SEG- 
MENTS EVIDENT VENTRALLY. This family is difiicult 
to define and includes a great diversity of forms, 
mostly living beneath bark or in the borings of xylo- 
phagous insects. Nearly 500 species are known, 
about a score being British. Wheeler (Zoolog^^a^ 

1921) has discovered in British Guiana two semi- 
social species (Coccidotrophus socialts and Eunausi- 
bins Wheelert) winch live, along with their brood, m 
the hollow ieaf-petioles of Tachigalia paniculata. 

They are accompanied by a coccid (Pseudococcus 
bromelia) whose honey-dew is solicited by the beetles 
and their larvae. Cucujid larvae (vide Perris) differ 
greatly in form, some being flattened and others Fig. — Mejioetbks 

more convex and cylindrical: the body is usually Europe, x 22. 

terminated by a pair of slender cerci, but in Lcemo- 

phloeus there are a pair of hooks, and in Silvanus the last segment is simple. Many 
of the larvse are predaceous upon lignicolous insects but a certain number occur in rice, 
sugar, grain, lac, etc. Several of the species, notably Silvanus surinamensts, affecting 
stoed products, have become widely distributed through commerce. For a biblio- 
grarphy of the described larvae of the family vide Gravely (Rec. Ind. Mus. ii), 

FAM. MONOTOMlDiC. — allied to the cugujid.® but differing in pos* 

SESSlNG APPARENTLY 3 -JOINTED TARSI, IN THE EXPOSED PYGIDIUM AND IN THE 1 ST 
AND 3TH ABDOMINAL ETERNA BEING LONGER THAN THE OTHERS. A widely distributed 
family consisting for the most part of very small insects found under bark, among 
vegetable refuse, etc. Monotoma is represented by nine species in the British Isles. 

FAM. EROTYLIDiE. — ^antennje strongly clubbed, fore and middle coxa 

GLOBOSE : TARSI 5-JOINTED, THE FOURTH JOINT USUALLY MINUTE, THE FIRST THREE 
MORE OR LESS BROAD AND PUBESCENT BENEATH. ELYTRA ENTIRELY COVERING ABDO- 
MEN WHICH IS COMPOSED OF FIVE VISIBLE STERNA. A large family principally inhabit- 
ing fungi and timber and mainly tropical in its distribution. The Dacninae show 
relation^ips with the next family and the Langutinse resemble the Phytophaga in 
some respects. The last-mentioned sub-family are very like Elateridae in general 
form : their larvae have been found in herbaceous plants and many of the beetles 
have a well developed stridulating organ on the head. The Erotylidae are represented 
in the British Isles by six species. 

FAM. CRYPTOPHAGlDi®. — ^SMALL INSECTS, MORE OR LESS ELONGATE. FOBS 
AND MIDDLE COXA VERY SMALL: TARSI 5-JOINTED OR SOMETIMES HETEROMEROUS 
IN THE MALES. ELYTRA COVERING ABDOMEN AND MORE OR LESS SETOSE OR PUBESCENT# 
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abpombn With fivf visible sterna, the first being the longest, ' The two 
prmcapal Bntish genera axe Cryptophagus and AtomOfta (Fig 493) both of which axe 
represented by numerous species The members of the family vary in habits, some 
being found under bark or m fungi, others m dowers or about water plants a few 
occur in wasps and ants* nests and many among decaying organic matter of various 
kmds The family is closely related to the Erotyhdse and is regarded by Ganglbauer 
as a subdivision of the latter The CATOPROCHOTIDiE may be mentioned here , 
they consist of a few small species found m Turkestan 

FAM. PHALACRIDiE. — SMALL OVAL AND COMPACT, SHINY, CONVEX INSECTS 
WITH 5-JOINTLD TARSI, THE FOURTH JOINT MINUTE OR VESTIGIAL ANTERIOR COXA 


GLOBULAR, POSTERIOR CONTIGUOUS These obscure msects mostly live in flowers, 
particularly fruit blossoms and the capitula of Compositae According to Hegeer 
(S B Ak Wten , 24) the larvae of Ohbrus bore into stems and pupate below ground 
m favourable seasons he has observed six generations in the year The family is 
represented m most parts of the world and there are about 15 species m Bntam 
For the habits and larva of Phalacrus corruscus vide Fnedenchs (Arh Biol Anst 
Berlvn, 6) The THORICTID-E are a small family of m5nrmecophilous beetles 
almost confined to the Mediterranean region the thorax is supplied with tufts of 
golden hairs which according to Wasmann, diffuse a secretion attractive to ants 
The DERODONTIDiE are of doubtful position and include a few little known speaes 

occurring m parts of Europe, 
hJ America and Japan 
FAM. LATHRlDIIDiE. 

—MINUTE INSFCrS WITH 3- 
JOINTED TARSI AND THL AN- 
TERIOR COXA GLOBULAR OR 
CONICAL ABDOMEN WITH FIVE 
OR bIX MOBILE STFRNA OF 
NEARLY EQUAL LENGTH, AND 
COVERED BY THE ELYTRA 
The members of this family 
amount to about 700 species 
found in moss decaying wood 
and other vegetable matter 
and fungi a few have 
occurred in herbana, dried 
carcasses and in ants nests 
Nearly 40 species occur in 
Britain some are almost 
cosmopolitan and Lathndxus 
Fig 493.— a, hentatv^ x 20 B, A tom aria though once rare has 

jiNSAjuH X 35 now become extremely abund- 



ant For observations on the 


structure and metamorphoses of Cartodtxe see Dingier {Zetts f angewandte hntom 14, 
1928) 

FAM. MYCETOPHAGIDiE. — tarsi slender, 4-J01NTED, those of anterior 


LEGS 3-JOINTED IN MALE COXA OVAL ABDOMEN WITH FIVE, FREE, EQUAL STERNA, 

The members of this small family chiefly hve in rotting wood or under bark, associated 
with fungi about a dozen species occur m Bntam Their larvae (vide Perns) are 
elongate and cyhndncal with 4-jointed antennae and the 9th abdominal segment 
terminates in a pair of smooth chitmous processes 

FAM. COLYDIlDiE. — ^TARSI usually 4-JOINTED WITH THE 3RD JOINT NORMAL ' 
FORE AND MIDDLE COXA SMALL AND GLOBOSE, HIND COXA TPANSVERSE ABDOMEN 
WITH FIVE STERNA, THE FIRST THREE OR FOUR MORE OR LESS CONNATE A family 
of usually elongate and more or less cyhndncal beetles found beneath bark and m 
wood or fungi a few species occur below ground or among vegetable refuse Sharp 
remarks that the species exhibit great diversity of sculpture and clothing and are 
mainly restneted to primaeval forests They disappear entirely when these are 
destroyed New Zealand has produced 170 species as compared with only 19 found 
m Bntam The larvae are very like those of the precedmg family except that there 
axe usually spines or tubercles associated with the terminal chitmous processes Very 
little IS known concerning their habits but they are probably mostly predaceous : 
the larvae of several species of Bothnderes have been noted to be ectoparasites of 
other coleopterous larvae m Amenca The neotropical ADIMERID^ consist of a 
single genus characterized by the umque structure of the taxsL 



SliilKI^MYISlIUb A trHTAIMai $^SOXftt$:D, ms I$T two lOHim 

8jhOA0| tHtt inp MIKVTS Atm THE TERMINAL JOINT EtONGATE : TORE AN© 

C 0 XM QtXm 06 B, FIVE OR SIX FREE ABDOMINAL STERNA. A family of about 606 
Impedes dWefly met with among fungi on timber in tropical forests. Many have brilliant 
eolonrs and are variable in form and size. Among the few Bntish species the black 
and red Endomychus coccineus and the minute Mycetcsa hirta are the best known. 
The latter occurs in dung, vegetable refuse and often in wine cellars. The larv» are 
broader and more ovate than those of allied families and have the lateral margins 
Of the abdominal tcrgites expanded so as lo conceal the pleura: the 9th segment 
has no chitinous projections. Those of two species described by Bates axe conspicuously 
marked with black and yellow. 

FAM. COCClNELLIDdS (Lady-birds). — usually rounded and convex insects 

WITH the head MUCH CONCEALED BY THE THORAX: ANTENNAE FEEBLY CLAVATE. 
TARSI APPARENTLY 3 -JOINTED OWING TO THE MINUTE CONCEALED THIRD JOINT. This 

very important family comprises well over 2,000 species, for the most part brightly 
cdoured and spotted. The family is very closely related to the Endomychidae but 
differs in the irregularly triangular mcsepimera, and the small antennae : in the 
Endomychidae the mesepimera are quadrilateral, and the antennae larger, the 
greater number of the species are carnivorous and predaceous, feeding during the 
larval and adult stages upon aphids, coccids and occasionally on other soft-bocfcd 
to^ts. They are, therefore, of very great importance in reducing the numbers^f 
injurious species. A comparatively small group are phytophagous but they raxcAy 
cause serious damage. ^ 

Structurally, the carnivor- 
ous forms (Coccinellinae) 
are characterized by the 
mandibles havmg simple 
or bifid apices and each 
jaw being armed with a 
basal tooth. The herbivor- 
ous species (Epilacmnas) 
lack the basal tooth and 
the apex of the mandible 
ismultidentate. TheLitho- 
philinae form a third sub- 
tainily ; very little is 
known about their habits 
but the mandibles are of the F*!®* 494 • — Larva of CanovoKVB, A, Dorsal ; B, Lateral ; 

carnivorous type. They are Pupa, 

distinguished by the tarsi suvestrf. 

bdng evidently 4-jointed. 

When disturbed many members of the family discharge a bitter, amber-coloured 
fluid. It is usually emitted through pores situated around the tibio-femoral arti- 
culations, but in Eptlachna the pores have a much wider distribution. According 
to Mclndoo (Ann, Eni, Soc, Am., 9) the exuded liquid is a secretory product of hypo- 
dennal gland cells : other writers have regarded it as the blood of the insect. Porta 
(A not Am., 1903) found that the secretion had a poisonous effect upon vertebrates 
but had no influence upon insects. It is regarded as defensive in function, but it 
iBiust be pointed out that Coccinellids are known to be eaten by several species of 
birds. 

Several members of the family, notably Coccinella variabilis and Adalia bi punctata 
(Fig. 495), are remarkable for their wide range of colour variation, the latter species 
hB>rag over two dozen named varieties. Anotlier peculianty is the markedly gre- 
{glrious habits of certain species both during hibernation and when in the open : at 
times these insects have been found in “ masses but the meaning of the phenomenon 
IS obscure. One of the best known members of the family is Novius cardinalis which 
been imported from Australia into California for purposes of controllmg Icerya 
>^chasi — B. serious enemy of Citrus cultivation in the latter country. The beetle 
proved so effective a controllmg agent that it has since been imported into all countries 
Where the cocdd has become injurious. 

* '^pbodneUid larvse (vide Boving, 1917) are soft bodied and variously coloured : 
^ often of a leaden or other dark hue spotted with yellow or white. There 

three ocelli on either side, the mandibles are sickle-shaped with molar bases (except 
m tbfS Epilachninm) and the legs are long and slender. The terga are usually provided 
segmental tubercles and spines and the abdomen tajiers d^tally, but never beers 




tlu^dbttiiKms ptocMes to tliimct^FM 

Scymnus and Piafyna^pis) the epinee mce granting and the whole body is covesfed with 
a white dooculent sec^on. In Chilocorus (Fig. 494) the body is j^otected by long 
int^uniiental processes. 

^e usual number of instars appears to be four, and the complete development 
of Adalia bipunctata in England was found to occupy about 34 days in captivity 
(Hawkes. Proc. ZooL Soc, 1920). an average of 20 days being spent as a larva. In 
California, Clausen (Journ, Econ, Eni, 19x5) found the average developmental period 
was 26 days. The eggs of Coccinellids are yellow, and disposed in batches, with their 
long axes perpendicular to the surface of the leaves upon which they are laid. Palmer 
found that the number laid by Cocctnella ^-notata varied from 435 to 1,047 : in if . 
bipunctata Hawkes states that the average number lies between Z40 and 148 with 418 
as the maximum. The number of aphids daily consumed by the larva of this species 
is stated by Clausen to be 14 while in Cocctnella cahfomica it is about 20. During 
the entire larval period he found that the number consumed varied between 2x6 
and 475 for different species : the adults are usually even more voracious. Hyper^ 
aspis htnotata is a coccid feeder and according to Simanton (Joum. Agric. Res, 6) 
it will destroy 90 adults and 3,000 larvae dunng its period of larval existence. When 
about to pupate, Coccinellid larvap usually suspend themselves by tlie caudal extremity 
which is attached by means of a secretion to plants, palings and other objects. The 
pupae are usually conspicuously coloured and are either surrounded by the larval 
exuviae, or the latter are pushed back to the anal extremity. 

The larvae of 

k ^ 0 ^ Epilachninae 

>v I ^ (vide Grandi, Pof/. 

L ( TW /y ZooL Pofitet, 

j ^ ^ invested 

<\ ^ /O ( ' / ^ branched pro- 

r 0 cesses of the 

j O O body-wall. Mem* 

t k ^ 

( ]\ >' \ _ / family are often 

\ N ^ \ ^ \P (yil destructive to the 

V V \ y \ foliage of pota* 

V toes, Cucurbi- 

taceae,etc.,esp^i- 

Fig. 495 - — Coccinellid/e. ally in N. America, 

a. Ctfceinelkt sepUmpunciata ; 6, tnaidlla; c, labium; d, a coccinellid larva. All The Only British 

magnified. member of the 

group is Subcoc-^ 

cinella 24-punctata >\liose larva gnaws the parenchyma of clover and other plants. 

For further information on the biology of the family, vide Gage (Ilhnois BioH^ 
Monog, 6, 1920), Palmer {Ann, Ent. Soc, Am, 7) and papers by the latter writer on 
colour-inhentance in Adalia (Ibid, 4 and lo). Donisthorpe (Ent, Record, 1919, 1920) 
has followed the complete life-history of Cocctnella dtsHneta — a species found in as9C^<* 
tion with ants. 

FAM. DERMESTiDiE. — ^ANTENN.® USUALLY SHORT WITH THE CLUB OFTSK 
RELATIVELY LARGE AND WITH THE UNDERSIDE OF THE THORAX BEARING A HOIXOW 


FOR XXS RECEPTION. TARSI 5-JOINTED : FORE COXA RATHER LONG, OBLIQUE *. HIND 
COXA FORMED TO RECEIVE THE FEMUR IN REPOSE. A family of Small OT moderate 
sired beetles usually invested with fine hair or with scales. They mostly inhabit 
furs, tndes, wool and other integumentary substances as well as bacon, cheese, etc*, 
and are exceedingly destructive as larvae. Some from their habits, have becomg 
almost cosmopolitan and i6 species occur in Britain. Out in the field many act a8 
scavengers in removing offensive animal matter. The adults of Anthrenus have 
been found in natural history specimens and also on flowers : its larvae are extrem^y 
destructive, and are the enemy of the collector. Ttresias occurs under loose bark 
among cobwebs, probably feeding upon the insect remains present. Dermestes indudee 
many spedes, some of which occur in dead animals and others are more frequently 
met with in dwellings, museums, etc., where they attack hides, furs, bacon, etc. The 
larvae of this family (vide Krcyenbergh, 1928) differ completely from those of other 
eWaoptera. Their upper surface is covered with a complex dothing of hairs of various 
lengfm. The hairs are often aggregated into terminal or lateral tufts which, in scntie 
ceeee at leaat, can be raised at will or even rafudly vibrated : the funcrion of this 
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iii<*wtment appem^ be unknown, When a larva is about to pupate ihs integu^t 
8{dit$ down the back and ^remains as a pupal covering. 

FAM« BYRRHIDiB (Pill Beetles).— V£RY convex, oval or round iNSRcts 

WITH RETRACTED HEAD : FORE COX,£ TRANSVERSE, NOT EXSERTED, HIND COXiE SHIELD* 
ING THE RETRACTED FEMORA. ALL THE APPENDAGES CAPABLE OF BEING CLOSELY 
ADPRESSED TO THE BODY. The members of this family mostly occur on the ground 
beneath stones, at roots of grasses or in moss. Their most striking feature is the 
power these beetles have of withdrawing their appendages in close contact with the 
body and remaining motionless : in this attitude they are hard to detect and often 
ck^ly resemble their surroundings. According to Sharp it is not clear whether 
this f^ily can be separated from the Pamidae or the Dascillidae, and its sub-families 
have little connection beyond the common faculty of closely retracting their appendages 
to the body. The Chelonariinae are mostly tropical and occur on the leaves of plants : 
they are very difierent from other of the Byrrhidae in that the antennae are filiform 
instead of being clubbed, and are inserted on the front. The best known British 
specif of the family is Byrrhus pilula, which is often found on paths in spring. Its 
life-history is in need of investigation and, according to Chapuis and Candeze,/ the 
larva is cylindrical and fieshy and may be recognized by the large size and breadth 
of the prothorax and the last two abdominal segments. The head is short and bibad, 
the antennae v^ short and there is a pair of ocelli on either side. The pronotum 
is markedly chitinized and sculptured, and the last abdominal segment carries a pair 
of retractile locomotory processes. The larva occurs beneath turf or moss and is 
about 1 8 mm. long. The \ 

NOSODENDRIDiE are 
often included in this 
family but are separable 
on account of the promin- 
ent head and the large 
mentum. The single genus 
Nosodendron is very widely 
distributed and its curious 
larva is figured by Gangl- 
bauer. The CYATHO- 
€£R1D./E consist of a single 
species found in South 
America and the GEO- 
RYSSIDvE are probably 
almost world-wide. Geo- 
ryssus is represented in 
Britain by G, pygmaus Fig. 496. — A Psephenid Larva, Himalaya. A, Dorsal; 
which frequents very wet B, Ventral, x 15. 

situations : the tarsi are 
4-jointed and the anterior coxae laminate. 

FAM. DRYOPIDiE (PamidsB). — head retractile, the mouth protected by 

THE PROSTERNUM. THE LATTER DISTINCT IN FRONT OF THE COX,$, BEHIND FORMING 



A PROCESS RECEIVED INTO A DEFINITE CAVITY OF THE MESOSTERNUM. TARSI 5-JOINTED, 
TERMINAL JOINT LONG, CLAWS LARGE. The members of this family are found, for 
the most paii:, near running water or clinging by means of their strong claws to water 
plants and other submerged objects. They have no powers of swimming and the 
three sub-families into which they are grouped show very diverse affinities, being 
sometimes regarded as separate families. The Psepheninae are interesting on account 
of their remarkable larvae (Fig. 496). The latter occur in swift rivers and in water- 
falls, Psephenus being especially abundant in the rapids of Niagara, while larvae of 
this and other genera are also plentiful in the Himalayan rivers. They are flattened, 
rounded or ovoid and almost scale-like in form : the margins of the body are greatly 
^qianded and consequently the appendages are not visible from above. They ding 
with great tenacity to stones, etc., and ^e whole body appears to act in a sucker- 
like fasinon rendering these larvas difficult to remove. Respiration takes place either 
Mijr ihenns of abdomi^ gills, or by the aid of a retractile tuft of anal filaments which 
only vtdble in the undisturbed living larva. The pupse are submerged and soldered 
; to iht stones ujpon whidi the larval life was passed : they closely resemble the 
Siiirvae when viewed from above, but are armed wifb curious tufts of long setae The 
like the Psepheninae ate densely pubescent beetles and are thus enabled to 
i^Scehty a film of air with them for respiration under water : the antennae are very 
and of more or less ittegulmr form. The larva of Dryops Oliv. [Paptus Is 
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stated to live in damp earth beneath stones and to resemble those ol the Elaieridas : 
several species of the genus occur in Britain. The Ehninas differ from the Dryopinae 
in having the anterior coxae globular : the body is bare or feebly pubescent and the 
antennae simple. Three genera are British : the larva of Macronychus is figured by 
Perris and that of Elmis by Chapuis and Canddze. 

FAM. HYDROPHlLIDiE. — AQUATIC OR SUBAQUATIG with short 6 TO 9-JOINTEP 
ANTEHNiE TERMINATING IN A PUBESCENT CLUB. MAXILLARY PALPI ELONGATE, OFTEN 
MUCH LONGER THAN ANTENNAE. TARSI 5-JOINTED, FIRST JOINT OFTEN MINUTE. A 

large family comprising about i,ooo species which are especially numerous in the 
tropics. The adults live upon decomposing vegetable matter and, in many cases, 
the larvae have a similar habit but those of Ilydrophtlus {Hydrous Lch.) and its allies 
are predaceous. A large number of the species have elongate maxilla[ry palpi (Fig. 
459) and, on this account, the family has often been termed the Palpicomia ; this 
character, however, is not always very evident. The long palpi perform the functions 
of antennae, the latter organs being used m respiration by tlie submerged insect. 
Although a large number of the Hydrophilidae are truly aquatic, the family name is 
inappropriate as a considerable number are land insects. The latter are met with 
in damp or marshy places or among vegetable refuse, while Cercyon and Sphmridium 
are common in dung. One of the best known members of the family is Hydrophilus 
piceus which is almost the largest British Coleopteron. It is less perfectly adapted 
for swimming than Dytiscus and does not require the agility that characterizes preda- 
ceous insects. Much has been written on this species, especially with reference to 
its peculiar mode of respiration. A dorsal air-reservoir is present beneath the elytra 
and there are ventral hairy tracts which also serve to retain an air-film. On either 
side of the thorax and abdomen there is a longitudinal tract of delicate pubescence 
bounded above by the overhanging edges of the prothorax and elytra. The spiracles 
open into these linear tracts, and the latter also communicate with the dorsal air- 
reservoir. When the insect rises to renew its air supply the body is slightly inclined 
to one side so as to bring the angle between the head and prothorax, on one side of 
the body, to the surface. The hairy antennae club plays an important part in break- 
ing the surface film, and facilitating the entry of air into the cleft already mentioned, 
and its passage into the lateral tracts. The complete details of the respiratory process 
are too lengthy for discussion here and the student is referred to the works of Miall 
(1912), Fortier (1911), Brother and others. 

The eggs of Hydrophilus, Hydrocharis {Hydrous Brulle) Hydrobius and other genera 
are enclosed in cocoons of a remarkable construction (vide Fortier) : the latter are 
usually attached to grass or floating objects, but Helochares and Spercheus fasten 
them to their own bodies. The larvai of the family do not admit of any general 
description on account of their great diversity of form and structure : those of a 
number of forms have been studied by Schiodte and later by d’Orchymont (Ann, 
Biol, Locus, 6). Several of the aquatic genera, including Hydrophilus, are metapneus- 
tic and the spiracles are placed on the last body segment in a kind of atnum. Hydrch 
charis and Berosus have long fringed gill-like structures on the first seven abdominal 
segments : in Helophorus aquaticus the larva is strongly chitinized, the thoracic terga 
are entire, and each of the first eight abdominal segments is protected by four transverse 
plates. The larvse of Cercyon and Spheeridium are degenerate and grub-like with the 
legs atrophied or vestigial. In the majority of the larvae of this family cerci are 
present and sometimes elongate. 

FAM. HETEROCERlDiE. — ^labrum AND mandibles prominent and project- 
ing : ANTENN.® SHORT, THE LAST SEVEN JOINTS FORMING A BROAD SERRATE CLUB. 
LEGS spiNosE, ADAPTED FOR DIGGING : TARSI 4-J01NTED. These Small beetles axe 
densely pubescent and live in galleries which they excavate in the mud borderag 
pools and streams. Their larvse inhabit the same situations and may be recognized 
by the prominent mandibles, the very broad thoracic segments and the much narrower 
abdomen ; the whole body is strongly setose. The family is very widely distributed 
and about loo species are known, several being indigenous to the British Isles. 

The remaining families of the Diversicomia constitute the old series Serricornia. 
With comparatively few exceptions the tarsi are 5-jointed : the antennae, on the 
other hand, are extremely variable. They may be filiform, serrate, davate (tardy), 
clavate-serrate or even plumose. 

FAM. PASCILLID^E.—ANTENN® SERRATE, RARELY PECTINATE OR FLABELLATE, 
ANTERIOR AND POSTERIOR COX® TRANSVERSE, THE FORMER WITH A LARGE TROCHANTIN, 
THE LATTER FORMING A PLATE FOR THE RECEPTION OF THE FEMUR. These ratfaCT 
small beetles are represented in Britain by DasetUus^ which principally occurs in flowers ; 
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( 3 >»fM. Mfif. Soc. X1909). 

FAM. HBLODIDiV. — DIFTBIUMG from DASCIIXI1>X IM tbs nUFOSM AHTXMXAt 

Al7t> THB ABSENCE OF THE TEOCHANTtN TO THE ANTEEIOR COXS. ThCSe Small 

have a vety thin integument and loosely articulated legs. They occur among hetbaga^ 
mostly in damp situations, and their larvae are aquatic. About 16 species are Britiah 
and a well illustrated account of the structure and biology of Scirtes hemispheficus 
is given by Lombardi in BulL Lab. Entom. Inst. Agrario, Bologna, 1928. 

FAM. RHIPlCERIDiV. — rather large insects with conspicuously F1.AB£]> 
LATE ANTENNA, PARTICULARLY IN THE MALES. MANDIBLES ROBUST AND STRONGLY 
CURVED, EMPODIA LARGE AND HAIRY. A Small family confined to tlie warmer 
regions of the world and found on trees or low plants. The larva of Calhrhtpis some* 
what resembles that of Tenebtto and is described in great detail by Schifidte, 

FAM. CANTHARIDiE (Telephoridse : Malacodermidae) . — very soft boDxbd. 

USUALLY ELONGATE INSECTS WITH LONG SLENDER LEGS. ANTENNA! 
OF VARIOUS FORMS. ABDOMEN WITH SEVEN OR EIGHT VISIBLE 
STERNA. THE BASAL REGION NOT COADAPTED IN FORM WITH THE 
COXM. ANTERIOR AND MIDDLE COXJE CONICO-CYLINDRICAL, (THE 
WUC FORMER WITH DIS- 

h TINCT 1 ROCH ANTINS : 

POSTERIOR COX^ 

TRANSVERSE. — This 
very large family in- 
cludes some of the 
most familiar of all 
Coleoptera and num- 
bers about 4.000 
species. 

The Lycinae are 
diurnal and are found 
on leaves and flowers 
or under bark : the 
few British members 
of this sub-family are 
rare and local. The 
group is chiefly tropi- 
cal and its members 
are stated to be car- 
mvorous. Mjoberg 
(vide Psyche, 1926) 
describes and figures 
the curious trilobite- 
like female of DuliH- 

cola and it is probable that other examples of this type have 
often been regarded as larvae. 

The Lampyrinae include the “ glow-worms ** and " fire- 
flies ** : they number more than 2.000 species which differ from 
the Lycinae in having the middle coxae contiguous, whereas, in 
the latter group, they are spaced apart. They axe nocturnal insects, and most 
of the members are provided with photogenic organs which emit a more or less 
bright light usually, although not invariably, strongest in the~female. These organs 
are borne on certain of the hind segments of the abdomen. — often the 6th and 
Tth in the male, and the latter segment in the female : in Phausis* and Phengodes 
they show a wider distribution. The eggs, larvae and pupae are also luminous to a 
variable degree. There is an extensive literature on the structure and physiology 
of the photogenic organs (vide p.105) : as a rule the light is pale yellowish green, 
bat Haase mentions certain S. American species whose larvae emit two series of lights 
•HTOd and green. The function of this luminescence is difficult to conceive with 
Inference to the immature stages but. in the adults, it serves in most cases to bring 
the sexes together. In many forms the male is winged with greatly developed eyes, 
and the female devoid of both elytra and wings (vide Fig. 498), being larviform mth 
ttie eyes small. This dimorphism is well exhibited in the common European ' ' glow- 
LamfyHs noMuca. The biology of this insect has been studied by Newport 
IgSiT). Fafare. and othem, and its larva by Vogel (1915)* The adult insedt tpfcsd 




Fig. 498. — LAMPBOBiio/tua tarlob, India. 
a, Male x 2 : 6. Female, Nat. Size. 


F*o. 497. — LvOtOLA 
iveiTANicA , Lar- 
va X 8. France. 

Afkf Bugnion. 



't In 

tiiqF tteCw '4rit& tndr ahlew «td^lijk« nuutiSi|>jw tin tatttw «re Mwfi ^v«mS W 
a fkskb ibaaal through wbicSi a ^avk«6ol6iired $lecrotum id usIecMd luto the tmrnu M 
the w«y As there are no salivary glands, the secretion is apparently psoduoed hy 
a jMur of acinose glands near the antenor end of the mid-gut According to Bugmoii 
{AiU. Soc Vaud 1915) they probably open at the base of the mandibles. The sects* 
tion has the property of breaking down the tissues of the mollusc, and digestion is 
largely external, the larva imbibing its prepared meal by means of the pumping action 
of its pharynx Unlike the Dyttscus larva, the food appears to be taken m through 
the mouth which is guarded by a mass of hairs predudmg the entry of anything 
excepting small particles The larvas of PhoHnus and Phdtuns have been studied 
by WiUuuns (1917) and their photogenic organs are situated on the 8th abdommal 
segment They persist in the pupa but are replaced in the imago by structures located 
on the 6th and 7th segments In the Mediterranean '' fire-dies ** (Luctola) ho^ 
sexes are winged They are greganous, but the females are more imperfect than the 
males and are rarely seen The function of the hght is obscure, and it is most brilliant 
in the males 

The Canthannae have no photogemc organs and the sexes are very alike Some 
of the best known members are species of Cantharxs {Telephorus) and Rhagonycha, 
often called soldier beetles,*' which are predaceous and frequent flowers and herbage. 
Iheir somewhat flattened larvae are found m the soil or among moss, etc Ihey are 
pnmarily carnivorous, and have a velvety appearance due to a covenng of fine hairs 
(vide Payne, iqi 6) The head is flat, the antennae short, and there is a single ocellus 
l^hmd each the anal segment has a ventral pseudopod but there are no cera 
The Dnhnae exhibit a sexual dimorphism even more striking than that seen m 
Lampyns, the apterous females being enormously large in proportion to the males. 
The larva of Dnlus flavescens preys upon snails (vide Crawshay, Tram Ent Soc 1903)* 
FAM. MBLYDRIDiS (Malachiidss) . — ciosely allied to the CANTHARiDiE, 
BUT THE ABDOMLN WIIH ONLY SIX STFRNA, AND THE BASE MORE OR LESS CO-ADAPTED 

WITH THE coXiE Ihis family includes about 1,000 species which mostly resemble 
the Canthannae m their general faaes it is represented m Bntam by mne genera 
and about a score of species Malachius and its allies frequent flowers, and are char* 
actenred by the presence of the lateral protrusible vesicles at the sides of the thorax 
and abdomen Their larvae are stated by Perns to resemble those of Canthar%s^ 
FAM, CLERID^. — ANTENNiB VARIOUS, SOMETIMES CLUBBED , LABIAL PALPI 
DILATED AND SFCURIFORM TARSI 5-JOINTFD, BUT SOMETIMES APPARENTLY 4-JOINTBD ! 
APICES 01 JOINTS rWO TO FOUR USUALLY PROLONGED AS MEMBRANOUS FLAPS. AN* 
TERZOR COXA- PROMINENT, CONTIGUOUS. ABDOMEN WITH FIVE OR SIX FREE STERNA. 

An extensive family, mainly tropical, many of whose members are of graceful form 
and beautiful coloration They are mostly found on plants or tree-trunks, but a 
few {Necrobta, Corynetes) occur m carcasses and skins In the larval stage they are 
mostly predaceous and beneficial, since they feed upon wood- and bark-bonng Coleop* 
tera. Necrobta probably feeds upon saprophagous matter and also upon dipterous 
larvae of the same habit , the nearly cosmopolitan N rufipes is destructive to stored 
hams. Corynetes sometimes preys upon Anobtum, and Trtchodes is known to infest 
the nests of Apts, Chaltcodoma and other bees The general appearance of CleTid 
Isrvae can be gathered from a valuable paper by Boving and Champlain (1920), and 
also from an article by Bovmg (Ent Ttdskr , 1913) They are frequently bnght red, 
brown, pmk or otherwise vividly coloured, and are more or less elongate and cylmdneal, 
or shghtiy flattened The pronotum is strongly chitmized but the remaining segments 
are usually fleshy except the 9th, which carries a hard shield bearmg two corneous 
processes, and the abdomen often has ambulatory swellmgs 

FAM. LYMEXYLONlDiS. — ^VSRY elongate insects with soft INTEGUMBMt 
AND SHORT, BROAD, SERRATE ANTENNAS MAXILLARY PALPI IN MALE LARGE AND 
PLABBLLATB FORE AND MIDDLE COXiB EXSERTLD, LONGITUDINAL IN POSITION i 
TARSI FlUFORM ABDOMEN WITH 5 TO 8 STERNA This Small family IS neadF 
wodd-wide and mcludes some very remarkable species capable of bonng mto bard 
wood and doing at tunes considerable damage by dnlhng cyhndncal holes The 
curious larvSB of Lymexylon and Hyleccetus are figured by Westwood (Clasaif I, p 269) 
ami ttmt of Mehttomma by Gahan (Trans Ent Soc 1908) The remarkable onenw 
genss Atractocerus has rudimentary elytra, but ample wings, and its long flexible 
abdoi6eiM[ives its species the appearance of Staphylmids Ihe N American MICRO* 
consist of a single species of Mtcromalthus which was formerly placed 
m 4^ l^yinexylonidae, but diflers m the maxillary palpi of the male being sim|fle^ 
Ibe ItMogy of this insect, according to Barber (1913), is one of the most remarkable 
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ia Uxb whole of the Insecta. It combines in its Hfe-cycle seven or ei^t fonns of larvse 
asid exhibitB both oviparous and viviparous psedogenesis. 

FAM. ANOBUDAD (Ftlnldse) . — ^first tarsal joint not reducbd xn size, oftbn 

LONGER THAN SECOND. PROSTERNtJM VERY SHORT : FORE AND MIDDLE COXiE SMALL* 
NOT TRANSVERSELY EXTENDED, THE FORMER SLIGHTLY PROMINENT I HIND COXJB 
TRANSVERSE. ABDOMEN WITH FIVE VISIBLE STERNA OF EQUAL LENGTH. Included 
in this family are the Ptinides and Anobiides which are regarded by many authors 
as separate families. According to Sharp it is probable that scarcely more than one- 
fiftieth part of the existing species have been described, their concealed habits render- 
ing them difficult to find. Many are very destructive to wood and to various kinds 
of stored products. They are either globular or cylindrical in form, often very different 
in the sexes. In the Ptinides the antennae are long and filiform, while in the Ano- 
biides they are either serrate, pectinate or loosely clubbed. Their larvae (vide Munro, 
1915) resemble those of the Lamellicomia in their crescentic form ,* they are likewise 
fleshy and the terminal abdominal segments are generally larger than those pre- 
ceding. The antennae are very short and there are no anal processes or cerci. Pttnus 
fur is destructive to books, furs, woollen goods, drugs, herbaria, etc. Anohtum puno- 
taium De G. (stnatum Oliv.) and Xesto* 
bium rufovillosum De G. (tesselatum Oliv.) 
are very destructive to furniture, rafters 
and flooring, their larvae bonng into the 
solid wood (Fig. 499) : the small round 
exit holes made by the adult beetles are 
very famihar objects The name of 
death watch is often applied to both 
these species but belongs more properly 
to the latter insect. The tapping noise 
is a sexual call and is heard most often 
in April to May when pairing takes place. 

The beetle jerks its body forward several 
times m rapid succession, each time strik- 
ing the lower part of the front of the 
head against the surface upon which it is 
standing (Gahan). Lastoderma serncorne 
and Sitodrepa pamccum are cosmopoh- 
tan ; they injure a great variety of stored 
materials, etc. The former species 
attacks cigarettes, cigars, drugs, ginger, 
etc., and the latter is destructive to 
biscuits, flour, bread, many drugs in- 
cluding opium and aconite, together 
witii a wide range of other substances. 

The Australian ECTREPHID/E are mjT- Fig. 499* — Avobivm pvuciAtvu) c, Its 
mecophilous and possibly belong here : Larva ; 6 , XtsTOBivu RVFoviLLoavM, 

Wasmann, on the other hand, con- AfUr Gahan (reproduced by permission of the Trustees 
siders that they are allied to the Scyd- ^ Museum), 

mwnidse. 

FAM , BOSTRICHID jIE ( Apatidsd) .—FORM cylindrical, head usually deflexed 
U AND covered by the HOOD-SHAPED PRONOTUM : ANTENN.® WITH A 3 -JOINTED CLUB. 
FIRST TARSAL JOINT MINUTE. FORE COX® PROMINENT, CONTIGUOUS BUT LITTLE 



EXTENDED TRANSVERSELY. ABDOMEN WITH FIVE VISIBLE STERNA OF EQUAL LENGTH. 
The members of this family make cyhndncal burrows in felled timber or dried wood, 
«ad occasionally attack unhealthy standmg trees. They exhibit a great variety of 
NCttlpture while the body is often truncated posteriorly and armed with small pfo- 
lectioiis. Species of Sinoxylon and Dtnoderus are very destructive to felled trees Md 
bamboo in India. Their larvae resemble those of the Ptinidaeand are similarly curved 
posteriorly, but the head is greatly reduced and the thorax more enlarged : the larva 

Apai$ capucina is figured by Perris, Ratzeburg and others. The family is world- 
udde but only represented in Britain by a few rare species. 

FAM, LYGTlDiB (Powder Post Beetles). — ^differing from the bostrxchid® 


m 2-JOXNTBD antennal CLUB AND THE ELONGATE XST ABDOMINAL STERNUM. 
ttdu family is closely allied to the one preceding and is often merged as one of its 
jilpaps. The larvae also are very similar and Lameere was of opinion that this aimi- 
Mty overweighed any adult difterences. They are small elongate insects, found 
JUilli in freshly cut and old timber, palings and furniture * only the wood of bioad- 
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saved trees appears to be attacked. LyOtts havsB are often nistaken far tbqse of 
be PtimdsB but may be easily distinguished by the legs being 3 <jointed. whereas 

they are 5>jointed in the latter family (vide 
Munro, 1915). The LycticUe are lew in 
species and several occur in the ^itisb 
Isles (Fig. 500). 

FAM. CIOID.S (ClssidsB). — MIMUTB 

CYLINORICAI, INSECTS WITH SHORT CLAVATK 
ANTENNA AND 4-JOINTED TARSI. EORB AND 




‘iG. 500. — a, Lrcrva bbvnnxus ; c. Its 
TaARVA ; h, LrcTus lineabis. 


MIDDLE COXA SMALL, OVAL, NOT PROMX^ 
NENT. ABDOMEN WITH 5 MOBILE STERNA. A 

widely distributed family comprising prob* 
ably over 300 descnbed species found in 
old wood or fungi and usually of gregarious 
habits. Their affinities are by no means 
settled and Sharp states that the position 
of these insects seems to be near the Coly- 
diidae and Cryptophagidse. Cts is nearly 
world-wide in distribution and is represented 
by more than a dozen species in Britain : 
its elongate cylmdncal larva is described in 
a monograph by Melhe (Ann. Soc. Ent. Ft. 
1848) . The SPHINDID^ are usually placed 
near this family and consist of minute in* 
sects living under bark or m fungi. Sphii^ 
dus and Aspidtphorus occur in Britain and 
their larvae are described by Perris. 

FAM. BUPRESTIDi®. — USUALLY COM- 


AfUr Gahan (reproduced by pemusuon of the 
rustecs of the British Museum). 


SPICUOUS METALLIC INSECTS WITH SHORT 
SERRATE ANTENNA. PROIHORAX CLOSELY 


ADAPTED TO THE AFTER BODY WITH A 


PROCESS FITTING INTO THE CAVITY OF THE MESOSTERNUM BUT NOT ALLOWING OP 


SALTATORY MOVEMENTS. FIVE VISIBLE STERNA, THE FIRST TWO CONNATE, REMAINDER 
MOBILE. An essentially tropical family com- 


prising over 5,000 species ; relatively few are 
European and only four genera with ten species 
occur in Bntam. They are among the most 
bnlliantly coloured of all insects and some 
species, owing to the splendour of their metal- 
lic lustre, are used in embroidery and in jewel- 
lery (Fig. 501). They are typicadly inhabitants 
of hot moist forests and are exceedingly active 
on the wmg, often taking flight at the least 
alarm. The larvae (vide Xambeu, Rev. d*Ent. 
1892-93) are distinct from those of other 
Coleoptera, and charactenzed by the great ex- 
pansion of the prothorax and the slender hind- 
body which imparts to them a clubbed appear- 
ance (F’g. 502). The head is small and almost 
entirely withdrawn into the thorax, the an- 
tennae extremely short, and there are no ocelli. 
The legs are vestigial or absent, the abdominal 
segments are nine in number and there are no 
cerci or anal processes. There are nine pairs of 
spiracles, the first pair being situated between 
the pro- and meso-thorax or on the latter seg- 
ment. The larvae mostly gnaw rather broad 
flattened galleries in or beneath the bark of 
trees or in roots : some are found in the stems 



of herbaceous plants and one or two mme Fig. $01. Stjbmadjkba iifTEBSTjfSAif$, 
leaves. Some of the genera of this family are Australia. 

exceedingly large; Agrilus comprises nearly Afitr carter. 

700 species while Sphenopte^a and Chrysohothns 

each include about 300. For further inforroatiQn on the family reference should 
be made to the work of Kerremans (1906-14). 
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^ tARI* (CUck B 049 tles).---Am:B»mA fiEiuuw, mctmAtk M Mtlt*- 

inplijaC* tHOTHOBAX WITH HtKD ANGLB$ OEMBKALLY PRODUCED ; WITH A PROSTElOlfAt 
MOCBSS THAT IS RBCBIVBD IN A MBSOSTSRKAL 
<}AVtTY. AHTERIOR COXAL CAVITIES FORMED 
BHTIRELY BY THE FROSTERNUM : HIND COXA 

With a plate underlying the femur, legs 

rather short, OFTEN RETRACTILE FIVE AB- 
DOMINAL STERNA, THE LAST ALONE BEING 
MOBILE. A large and very important family 
of wide distribution. Its subdivision is not m 
a very satisfactory condition and the sub- 
families here recognized have been regarded 
by Lacordaire and others as separate families. 

A few of the Eucnemmse and most of the 
EUtermas possess the power of leaping when 
lying on their back. The mechanism of this 
act IS not entirely clear, but the existence of 
the saltatory power is connected with the 
mobility of the articulation between the pro- 
axid meso- thorax. As a preliminary, the apex 
of the prostemal process catches against the 
edge of the mesosternal cavity When, how- 
ever, the process slips over the catch it is 
driven with considerable force mto the meso- 
stemal cavity accompanied by a clicking sound 
The force imparted by this jerking movement 
causes the bases of the elytra to strike the sur- 
face upon winch the insect is resting and this, 
together with the elasticity of the elytra, ap- 
pears tc be the chief factor in bringing about 
the leap (Fig 508b) 

The sub-family Eucnemmae is distinguished 
ftom the genuine Elaterm® by the antennae 
being somewhat distant from the eyes They 
are chiefly noteworthy on account of their 
larvae which are apodous. The latter live in 
soft wood, and the head is armed with hard 
teeth for boring purposes, the maxillae and 
labium being vestigial The statement that 
they are carnivorous is probably erroneous, 
and their food is more likely derived from 
decaymg wood. Melasts buprestoidcs is the only species at all plentiful m Bntain, 
and its larva is figured by Schiodte. It much resembles that 
of a Buprestid but is separable on account of the vestigial 
mouthparts 

The Elatennas have the antennae inserted near the eyes. 
They are mostly sombre coloured elongate insects, but a few 
are red or have metallic colours. The most remarkable 
species are the ** fire-flies " (Pyrophorus) which axe mamly 
neotropical P. nocttlucus emits an exceptionally bright Ught 
from a rounded yellow area in either side of the thorax and, 
when on the wmg, an additional source of light is revealed 
at the base of the ventral surface of the abdomen. The eggs 
and larvae are also luimnous. In the young larva the photo- 
genic organ is situated at the junction of the head and 
thorax : in older larvae there are numerous small lateral 
organs in addition. The photogemc organs are very similar 
in structure to tliose of the Lampynnae and are d^i with 
on p 104 The larvae of the Elatennae are elongate and cylin- 
drical and very tough-skmned (Fig. 505). The head is corne- 
ous amd flattened, the antennae very short and 3-jointedi eyes 
are present, the labrum is not deflned, and the trunk-segments 
are very alike. The whole body is usually reddish-bamvM or 
e, owing to the strong cbitimsation of aH the segments, and the legs are abort 
prothorax is the largest, and the 9tb segment is specially difierenti|tfg(} tuxxi 



Fig 502 — CoB} hobotubib. Larva 

a, actual lonf^tb h head, p, prothorax , 
me&otlioi ix , metatboiax 
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oHm ttociiflo(» ttad iikw;(|f[||HHi ivllii teecti Kod ibfty t«aMiiiiud» itt «dlii^ dr 
cesaw in their taro, may be simple, bifid or deaticnl|i.te. . ,ta. Arnotes fhbi 

<h*t» ^ '. ^ relatively idmSe and bey^ 




<ftM» ® reianvoiy Bimme and beac»if^ 

Itt rv dark-colourea pts, pos^y: 

\li 2 ^ Bexisory in function. The larvn w 
y Cardiophorus is vety difiFerent fponi 

•^n—AcM r/ y the prevailing Elaterid type, bdii%! 

A ri / extremely long and vermiform, owing 

J jL/ \ great development of the in- 

^ T tersegments of the abdomen. The gth 

I / m ^ I segment of the latter region bears i 

\ I recurved hooks and a terminal' 

* / M L/ / fasicule of setae. Larvae of cettahi;^ 

* \jlK J genera are exceedingly injurious ^ 

agriculture and are known as “wire* 

- worms *' : under this category arief 

species of Agriotes (Fig. 505), Limfh 
nius, Athous and others. The " wite-^ 
k worm group of larvae are root-feeders 

^ and are extremely destructive to pas- 

tures, cereals, root crops, etc. (Fig. 
504) ; no effectual method of control 
has yet been devised. Other larvae 
arelignicolous and xylophagous (Mela* 
notus, etc.), or possibly camivorouS 
(tf.g. Athous thofnbeus). Exact obsar- 
vations regarding the length of Ihe 
larval stages are greatly needed : in 
the case of Agriotes obscurus, which is 
Fig. 504. — Elaterid/e. probably the commonest English wiare^ 

A, right antenna ; B, labium and left maxilla of A (•rioter WOrm, Rymcr Roberts considers thSt 
larva. C, base of pro- and m^tcmuni of Athous (adult) ea.rlv estimatf* nf fivf* 

•bowing piocess p and cavity c of leaping apparatus ; g, galea ; eany estimaie 01 HVe years IS 

/, lacinia ; Ipj labial palp ; m, meutum ; mxp, maxillary p.ilp approximately Correct. This SpedeS 
om. nrementum : s. stioes. construQts aii earthen pupal cell, and 

the pupal instar only occupies about three weeks. A large number of Elaterid 
larvae have been described by Beling (1883), Henriksen (1911), Hyslop (1917)/ 
Schiodte and others; for the metamorphosis of Agriotes obscurus vide Ford (Ann* 
App, Biol, 3) and Rymer 

Roberts (Ibid, 6, 8, and 9). AM W 

The remaining sub ' Jjr~pi — -jrf- — --s. 

families are small and un J i *1, u P " ^ 

important and are un 

represented in the Britisl * ^ 

fauna. The Cebrionina 5^5* — Larva of Aobiotss obscurus, x 5. 


mt 


Fig. 504. — Elaterid/e. 

A, right antenna ; B, labium and left maxilla of AgruAes 
larva. C, base of pro- and mcsostcmum of Athous (adult) 
•bowing process p and cavity c of leaping apparatus ; g, galea ; 
/, lacinia ; fp, labial palp ; m, mentum ; mxp, maxillary p.ilp 
Om. nrementum: s, stioes. 


_ A/- 

Fig. 505. — Larva of Aqbiotbb obscubvs. 


have no power of leaping riAr, antenna; M, margin of pit: P, anal pseudopod; 5 , spiraclei 
and the legs are fossorial. 

The development of Cebrio gigas takes place in the ground : its apterous females 
remain in that situation, protruding tlie apex of the abdomen, in which position they 
are fertilized by the males. The Perothopinae and the Cerophytinae only include A" 
few species. 

FAM. THROSCIDi^S. — separable from the elateridje on account or 

A^EIUOR COXAL CAVITIES BEING FORMED BY THE PRO- AND MESO-STERNUM. TbSi^ 

small family has been classed with the Eucneminm but the totally different fortnaflmf 
of the anterior coxal cavities separates them. They are smadl and inconspkuoni 
maects found on flowers, among herbage, at roots of grass, etc. Several spedes 
Thrascus occur in Britain and very much resemble short Elaterids in torn 


Superfamily III. Heteromera 

;:.VENATION OF THE CANTHARID TYPE. ANTENNJE GENERALLY 

SERRATE, PECTINATE OR FLABELLATE, OR CLUBBED. FOloi 
JMtoDLE TARSI 5- JOINTED, HIND PAIR 4 - JOINTED. TESTICULAR FOLUCI»j 
OR THREE PAIRS OF MALE ACCESSORY OLANDS : USUALty 


$3iS COtEOPTERA 

SCK» SAimty wcm MAXJPIGHIAN tUSES. I^RVA CAMPOSBIEOKK, OR MORS 
OSUAIXY OF AN INTERMEOIATE TYPE. 

This group, as its name implies, is founded upon the tarsal characters, 
and it indudes somewhere between 15,000 and 20,000 spedes, the great 
majority bdonging to the Tenebrionidae. The genera comprise a greater 
diversity of forms than those of any other superfamily and, as Fowler points 
out, their chief peculiarity lies in the fact that they reproduce nearly all 
the most characteristic forms of other family-series. In many cases it is 
difficult to regard the resemblances as cases of mimicry in the true sense 
of the latter tenn, and the significance of this convergence is not imderstood. 
It has been pointed out by Sharp and. others that the larvx of the Hetero- 
mera ffill into three groups. 

1. Those regularly cylindrical with hard integument and devoid of 
tuberdes or pseudopods. Ex. Tenebrionidae. 

2. Those with a soft integument and of more variable form : 
or pseudopods often present on the dorsal and ventral 
CEdemeridae. 

3. Those with hypermetamorphosis, the yoimg larva being ' 
form but becoming modified in the later instars. Ex. Meloidae. 

Table of the principal families, after Leconte and Horn (: 

Fowler (1912): 



t (6). — ^Anterior coxal cavities closed behind. 

2 (5). — ^Tarsal claws simple. 

3 (4). — ^Anterior coxae globose, rarely oval, not prominent; 

penultimate tarsal joint larely bilobcd and spongy temebrionida 
beneath. (p 519) 

4 (3). — ^Anterior coxae conical or comcal-ovate, prominent : 

penultimate tarsal joint nearly always bilobed and lagriiua 
spongy beneath. (p. 510) 

3 (2). — ^Tairsal claws pectinate. cisiilida 

(P- 519) 

Anterior coxal cavities open behind. 

Prothorax without sharply produced or strongly dentate 
margins : size moderate or small. 

Head not strongly and abruptly constricted at the 
base. 

Middle coxae not very prominent. 

Antennae received in grooves on prosternum. monommid,® 

(p. 520) 

IX (10). — ^Antennae free. 

12 (13). — ^Thorax laterally margined : disk with basal impressions, melandryid® 

(p. 520) 

13 {12). — Thorax not margined, disk not impressed at base. pythid® 

(p. 520) 

H fe)* — ^Middle coxae very prominent. cedj-merid® 

(p. 520) 

15 (S). — ^Hcad strongly constricted at base. 

16 (21). — Prothorax at base not narrower than base of elytra. 

17 (20). — ^Lateral suture of thorax distinct. 

iS (19). — ^Hind coxae laminate. mordellid® 

(p. 520) 

X9 (z8}. — ^Hind coxae not laminate. scraptiid® 

(p. 520) 

20 (17). — ^Lateral suture of thorax absent. rhipiphorio® 

(p. 520) 

St (16). — ^Ptotborax at base narrower than base of dytra. 
tz (23).— Claws deft. ueloIoa 

, (p. 520) 

•3 (pa).— Claws not deft. 


6 (I).- 

7 (28).— 

8 (15).- 

9 (14)-— 

10 (II).— 



HEtEROMBRA 

24 (25) senate, subpdctinate or headliorkontal 

ot almost so : comparatively large insects. 

25 (24). — ^Antennae filiform or moniliform (very rarely flabellate) ; 

head deflexed : very small insects. 

26 (27). — ^Penultimate joint of tarsi minute^ concealed : head con- 

stricted just behind the eyes which are large* 

27 (26), — ^Penultimate joint of tarsi not minute, bilobed : head 

constricted at some distance behind the eyes which 
are small. 

28 (7). — ^Margins of prothorax dentately produced: size very 

large. 




rvnocanomM 

(p. 5*») 


XYLOPHIUDJB 

(P. 522) 

ANTHICIDS 

(p. 522) 

TRICTENOTOUIDA 

(p. 522) 

FAM. TENEBRIONIDiE. — ^One of the largest families of Coleoptera comprising 
more than 10,000 species which exhibit an extraordinarily wide range of superficial dis- 
similarity : the larvae on the other hand are strikingly uniform in character. Many 
are ground beetles, usually black in colour, and often bear a superficial resemblance 
to the Carabidae. These forms are very often apterous, or have vestigial wings, and 
the elytra are frequently immovable. Many of the wood-feeding species have ample 
wings. The species of Blaps often occur in cellars and outbuildings, Tenehrio 
molitof and T. obscurus, and other species of the genus, are nearly cosmopolitan : 
they are found in all stages in meal, flour and stored goods, their larvae being known 
as meal worms *' (Fig. 506). Tribolium has very similar habits and 7'. ferrugineum F. 

and T, confusum are likewise widely spread, 
through commerce, in granaries and stores (Fig. 
507). An account 
of the biology of 
Tenebrio is given by 
Cotton and St. 

George (1929). Spe- 
cies of other genera 
live in dung, in dead 
animal matter, in 
fungi, under bark, 
etc. The larvae of 
this family bear a 
tolerably close re- 
semblance to those 
of the Elateridae, but 
the labrum is plainly 
visible and the ter- 
minal segment of the 
abdomen rarely at- 
tains the complexity 
found in that family. 

For a bibliography 
of Tenebrionid larvae 
vide Gravely (1916). 

Related to the Tenebrionidae axe three small families of minor importance. 
MGIALITIDM include a few minute rare insects from N.W. America and according 
to Sharp they are aUied to the Pythidae. The RHYSOPAUSSID-® include a few 
termitophilons forms : Wasmann [Zeits. wiss. Zool. 1912) regards them as a sub-fam^ 
of the Tenebrionidse. The OTHNIID^ include a single genus of arboreal insects 

found in warm regions of both hemisphere. ir *v.- 

PAM. LAGRIlDiB.— A small family -which is closely alhed to toe Tenebnomto 
and whose members are chiefly found on toe leave of trees Md bushes, or under 
bark. The only British representative is Lagria hirta-. ^ larva of this sp^ 
(vide SchiOdte) is somewhat broader and more active than to<^ of to® Tenebnomte 
and toe segments are furnished with lateral tufts of hairs. The head is vei y sh ^ 
and the last body-segment is bifld at toe apex. The pupa is tenmkable ot acowt 
of the long broad clavate processes which project from most 

PAM. CISTEUD/B. — ^The pectinate claws appear to be the only feature which 
separates these insects from the Tenebrionidae. Atout 500 spec^ are toovm ; m a^ 
occur on flowers EOd their larvas have been found in dead wood. Five genera am 






Fig. 506. — Txsebrio obboubus. Larva 
AND Pupa: Enlarged. 


Fig, 507 . — TBiBQLtttM 

FBBBUaiNBUM, COSMO- 
POLITAN. X 14* 


The 


"V> '*'• , 


cmonm. 


erf Ci$m» i$ dwerflbed by W^ood <• P> S ^*, the 

IjibiSmniidw 4 M Miemids A»e two amaJ l eattra-Eon^NMua famihM and notliiB^ is 
f'lwtoWn conceniing thdr biology. The Petriids axe repiesented by a few species fi^ 
TrAHScaspiAn regicm. 

I VAMe <BD£M£RIDrf«.— A considerable family of soft-bodied insects bearing a 
; IKtnamblance to the Canthaiidae. They are widely distributed smd usually found on 
' flowers or among herbage. They are mostly slender, elongate insects of metallic or 
; other bright coloration. Four genera and six species are British : (Edemera nobilis 
' exhibits sexual dimo^hism, the male is larger than the female and has greatly thick- 
> ened femora and tibisc. Nacerdes melanura is a coastal species chiefly found among 
piles or old cast-up timber. The metamorphoses of several genera are described by 
Schiodte and the larvae occur in old wood or under bark. In addition to thoracic 
limbs, they are usually furnished with dorsal and ventral pseudopods of variable 
number which aid in locomotion. 

FAM. PYTHIDiE. — ^This family includes a small number of species which have 
mostly been found in cold or temperate climates. The British members chiefly occur 
under bark : Rhinosomus has a well marked rostrum, Pytho depressus is a rather&large 
flattened insect found in Scotland, and Salpingus and Lissodema are Carabi|l-like 
forms. For the larvae of Rhinosimus and Ltssodema vide Perns. V 

FAM. M£LANDRYIDrf£ .—These insects are mostly found in northern template 
regions where they occur in dry wood and fungi, or under bark : they are rlpp- 
. seated in Britain by thirteen genera of very diverse forms, and practically all are 
rare or local. Osphya is exceptional in that it is found on flowers and the sexes are 
very dissimilar. The larvae are variable and several aure desenbed by Perns. ' 

FAM. SCRAPTIIDiE. — ^These small delicate insects are mainly found in the 
palaearctic region. The species of Scraptia occur in rotten wood, fungi, etc., and 
have been relegated by diflerent authors to various families. TJiey are related to 
both the Mordellidae and Melandryidas and are placed by Fowler between those two 
families. Only two species have occurred m Britain, both rarely. The larva of 
this genus is desenbed by Perris : it is principally charactenzed by the great length 
and spoon-shaped form of the last abdominal esgment. 

FAM . MORD£LLID^ .—These beetles are common on flowers and among herbage 
and some have been found about decaying wood : several of the British species of 
Anaspis are fairly plentiful, especially A. frontahs. The metamorphoses of Mof- 
deUist^na are well figured by Riley : the larvae have been found in the stems of plants 
under circumstances indicating that they probably prey upon other insect larvae pre- 
sent. They are elongate and curved, with short legs, and in some species at least 
there are dorsal prominences on the more amterior abdominal segments. The larva 
of Tomoxia is figured by Schiodte and has been found in deca)ang wood, while that 
. Anaspis is figured by Perns. In the two latter genera the abdominal prominences 
are wanting. 

FAM. RHIPIPHORIDiE.— Included in this family are several species of great 
ihterest on account of their larvae being parasites upon other insects. Metascus 
: paradoxus is a parasite in nests of Vespa, particularly V, vulgaris. According to Chap- 
man {Ann. Mag. Nat. Htst. 1870 : Ent. Month, Mag. 1891), the newly hatched larva 
' is bla^k and campodeiform, resembling that of Melde, but how it enters the nest of 
: its host does not appear to have been ascertained, smee the eggs are laid in old wood. 
Two hypotheses have been put forward — either the eggs are transferred along with 
r WMd fragments by the wasps to their nests, or the young larvae attach themselves 
to the wasps while the latter are gathering wood. Within the nest the larva becomes 
an endoparasite of that of Vespa : it subsequently becomes an ectoparasite, and 
gradually devours the whole of its host. Pupation takes place in the cell of the 
'attacked individual, and the adult beetles are found up to the number of twenty or 
lOore in a single nest : more rarely they occur on flowers, etc., outside the nest. Among 
other genera Ewsnadta has a very similar life-history, but utilizes Odynerus as its host, 
Symbius is an endoparasite of Blattidae : the female is apterous and larvifonn 
doira not leave the body of its host. 

FAM. MELOlDrfE (Canthartdss : BUster Beeties and OU Beetles).— This family 
» the most interesting of all groups of Coleoptera on account of the remazlsahle 
litories of its members and the general occurrence of hypermetamorphosis* At 
1,500 species have been described and they are very widely distributed : 

Fig. 5086), Sttans and Lytta occur in Britain. The Meloidas include two 
i of which the Mekflnas are ground insects, devoid of hind-wings, and With 
riytra frequmtly much shorter than the abdomen. The Lyttinse are geneMMSy 
and the elytra cover the abdomen ; they mostly occur among hmlw^p cr 



tm th» l«m^ beette lay a naty large amuber of eggs (often to 

io»ooo> wmdi IS exjptaanaUe on tibe grcmnda that the subsequent hfe-hi$tory is 
eatremely procanous, and very large numbers of larva pensh m the first mstar. 
Ovipoation takes place m the soil or on the surface of the ground, and the lesult- 
lag larva prey upon the eggs of Orthoptera and aculeate Hymenoptera In their 
first mstar they are minute, active, hard skinned, campodeiform larva known as 
tnunguUns At this stage they are pnncipally engaged in seeking out their hosts : 
having discovered the latter, they subsequently undergo ecdysis and change either 
mto soft-bodied, short-limbed eruciform larva or, more rarely, into a modification 
of the campodeiform type known as the caraboid stage The next succeeding instars 
differ from the preceding, and the second, or later larva, passes into a resting period 
when the insect assumes the pseudo pupal or " coarctate ** condition The latter is 
followed by a further larval mstar which is succeeded by the pupa 

The biology of Sttarts murahs has been investigated by Pabre (1857) Valery- 
Mayet (1873) The eggs are deposited near the nests of Anthopkora about August, 
The newly hatched tnungulms remain lethargic and hibernate until spring when they 
become more active A certain number succeed m attaching themselves to the hany 
bodies of the male bees, which appear earher than the females When opportunity 
allows, they pass to the female bees and so get carried to the nests of the latter. 
Anthopkora constructs cells in the ground, in each of which there is a supply of honey 
and a single egg When the bee deposits an egg on the honey, a tnunguhn slips off 
her body, ahghts on the egg, and becomes imprisoned m the sealed up cell It con- 
sumes the contents of the egg, and changes into a fleshy ovoid erucilorm larva with 
vestigial legs In this mstar it feeds upon the honey stored by its host, and subse- 
quently changes into the so called pseudo pupal condition within the larval skin After 
about one month, a certain number of individuals pass through the subsequent mstars 
and appear as beetles the same year More usually, they winter in the pseudo pupal 
condition and, in spring assume a second eruciform stage, which differs comparatively 
httle from the earher one No food is taken during this period, and the larvae soon 
change into ordinary coleopterous pupae from which emerge the adult beetles 

Riley (1878) has studied the biology of Eptcauia vxttata m N Amenca 1 his insect 
deposits its eggs in parts of the ground frequented by the locust Caloptenus Tnun- 
guhns emerge in due course, and explore the soil until they discover the egg capsules 
of the Orthopteron Having found the latter, a single tnungulm eats its way in and 
commences to devour the contained eggs After a lew days eccJysis takes place, and 
the larva passes into the Caraboid or second mstau: After about a week, ecdysis 
again occurs, and the larva becomes curved in shape From its general body-form 
this mstar is known as the Scarabdeoid stage The succeeding mstar is very similar 
and, when fully grown, the larva deserts the egg-capsule, and changes near by mto 
the pseudo-pupal stage m which it hibernates In spring it undergoes further changes, 
and m the sixth mstar it is only slightly different from the Scaraliaeoid stages From 
this condition it passes into the pupa and subsequently into the imago (vide 1 ig 201). 

The life-history of Meloi has been partially followed by Newport (1853) and is 
apparently very similar to that of Sttarts Its triungulins do not appear to exercise 
much discnmmation, and although their hosts are Anthopkora and Andrena^ they 
have often been found attached to other bees and also hairy Coleoptcra and Diptera. 
Large numbers consequently pensh through selectmg the wrong host, while stUl 
greater numbers probably never discover a host at all Ihe second mstar corresponds 
with Riley’s Caraboid stage, although it more closely resembles the Scarabasoid larvae 
m general form. In this condition it feeds upon the stored honey, and afterwards 
transforms mto a legless pseudo-pupa This form moults and the final larval mstar 
18 a thick-bodied apodons grub Space excludes references to the biology of other 
members of the family, and the student should consult the work of Beauregard (1890) 
for further information, also that of Milliken (U S Entom Bull , 976) 

The " Spanish fly,” Lytta ffiantharts) vestcatorta, of southern Europe is rarely 
found m England. It yields the pharmaceutical product canthandm (C^o O4) 
wMch IS prepared from the dned insects The elytra are alone used m pharmacy 
contam more of the active prmaple than the soft parts coUectivdy. Species of 
Mylabrts are known to yield a larger amount of canthandm than Lytta and are also 
us!^ commercially 

FAM. PYROCHROIDiB (Cardmal Beetles) — A small family allied to the Melan- 
dryidso, but diflenng in the head being strongly constneted behmd the eyes, and in 
penultunate tarsal joints bemg dilated or bilobed Ihey mostly occur m the 
northern temperate region, and are usually large msects, bnlhant scarlet, or scarlet 
jSnd blaek, m colour. The antennas are fr^uently deeply pectinate or ramose. The 



Sit2 COLEOPTERA 

adults are mostly found under baric or in wood where the larval stages are spent : 
in warm weather they occur among herbage and on flowers. The metamorj^osea 
of Pyrochroa coccinea are well flgur^ by Schiddte (Fig. 508) : the larva is elongate 
and flattened with rather long legs and antennae. The 8th abdominal segment is 
very long and the 9th is upwardly inclined, 
terminating in a pair of stout chitinous pro- 
cesses. Only three species occur in the 
British Isles. 

FAM. XYLOPHILIDiB.— This small 
family is frequently united to the Anthicidae 
and includes about 200 species, very widely 
distributed, and found mainly in old trees, 
dead hedges, or occasionally on flowers. 

Their larvae are presumably found in decay- 
ing wood. Xylophilus {Hylophtlus) is repre- 
sented in England by three speaes. 

FAM. ANTHIClDiS. — ^Many members 
of this family have the appearance of small 
Carabidae while others bear a superfldal re- 
semblance to ants. A large number are 
known, and the British species of Anthicus 
mostly occur in salt-marshes, in heaps of 
vegetable ddbris. hotbeds, etc. Notoxus is 
remarkable for its long stout prothoracic 
horn which is prolonged over the head. 

The life-histories in this family appear to 
be unknown. 

FAM. TRICTENOTOMIDi®.— Only a ^ „ 

very few species of these large and con- 5^8 Heteromera. 

spicuous insects are known and their S3rs- •* Py^'Ochfoat Larva, b, Mdoe proncatabaeut, Imaga 
tematic position has been much disputed. 

In appearance they strongly resemble Lucanidae or Prioninae but they exhibit closet 
affinities with the Heteromera. The cunous larva of Tnctenotoma has been figured 
by Gahan {Trans, Ent. Soc, iqo8). The family is confined to the primaeval forests 
of certain of the moister parts of the oriental region. 


Superfamfly IV. Phsrtophaga 

VENATIOK OF THE CANTHARIP TYPE. ANTENNA GENERAIiY SIMPLE, 
LESS OFTEN PECTINATE SERRATE OR DISTALLY THICKENED. TARSI APPAR- 
ENTLY 4-JOINTED, THE FOURTH JOINT VERY SMALL AND UNITED WITH THE 
FIFTH. TESTICULAR FOLLICLES ROUNDED AND PEDICELLATE: ONE PAIR 
OF MALE ACCESSORY GLANDS I MALPIGHIAN TUBES SIX. LARViB ERUCIFORM, 
LEGS SHORT OR RUDIMENTARY, OR ABSENT. 

The membets of this superfamily are easily recognizable by their tarsal 
characters, the third joint is either bilobed or dorsalJy grooved and receives 
the minute fourth joint at its base (Fig. 509} : the first Three joints, further- 
more, are densely pubescent beneath. Nearly all the 35,000 or more species 
constituting this group are phytophagous : the Bruchidae are seed^f^ers, 
the Chrysomelidae are usually leaf-feeders and the Cerambyddse are wood 
and Stem feeders. Deviations from this rule are comparativdy few but 
certain members of the last two families are root-feeders. A few exceptions 
to the structmnl characters enumerated at the head of this section may be 
noted. In Htemonia and Stenopodius the first three tarsal joints are devoid 
of the ventral pubescence and the third joint is simple. In certain aberrant 
Cerambyddae (Spondylidse of some authorities) these same features also 
obtain and the fourth tarsal joint is frequently well developed. In Donada, 
aoci^lj^^^^uf our, there are only four Malpighian tubes and in Timarcia, 




PHYTOPHAGA 523 

MdasofW and a few other Chrysomelid^ the testicular follicles! are of the 
sessile type (Bordas), 


Table of families : 

t (2)« — ^Mentum pedunculate. 

2 (i). — ^Mentum not pedunculate. 

3 (4). — ^Antennae short or moderate, not inserted on frontal promin- 

ences : tibial spurs usually absent. 

4 (3). — ^Antennae generally long or long, frequently inserted 

on frontal prominences : tibial spurs present. 


BRUCHIDjB 

(P- 523) 


CHRYSOMBLIDJB 

(P- 523) 

CERAMBYCIDiB 

(P- 525) 


FAM. BRUCHIDiE (Lariidse) — These insects are distinguished from other 
Phytophaga by the head being shortly and flatly produced and by the stalked mentum. 
The truncated elytra, which leave the apex of the abdomen exposed, are also very 
characteristic. Tlie position of the family has often been discussed, many authors 
having regarded it as being closely related to the Anthribidae (p. 527) through the 
genus Urodon. As Leconte and Horn observe, the Bruchidae may be defined as Chry- 
somelidae with a pedunculate mentum. Over 700 species are known and their laxvse 
mostly live in seeds of Leguminosae, causing great injury to peas, beans, lentils, etc. : those 
of certain other species attack coco-nuts and palm-nuts. On account of this habit 
they are very often carried from one country to another in cargoes of seeds. They 
are frequently, though erroneously, known as pea and bean weevils." About a 
dozen species have been found in the British Isles, several being direct introductions 
from other lands. 

The eg^ of Bruchidae are usually laid on the young seed pods, as for example in 
Bmchus pisorum, and the larvae mine their way through until they reach the seed. 
In Pachymerus chinensis and Acanthoscelides obtectus the eggs axe laid either upon the 
pods or the seed, while Bruchus pruinosus lays them on the seed. In B, pisorum of 
the pea only a single larva enters a seed and dried peas are unattacked. A, obtectus 
readily attacks dried beans and in suitable climates six generations may occur in the 
year in the same batch of seed. The larvas in this family are eruciform and grub-like 
with thick bodies, becoming curved in the later development when they resemble 
those of the Curculionidae. The head is small and often narrower than the prothorax, 
with short stout mandibles. The first instar differs from those that follow in possess- 
ing legs and prominent spinous pronotal processes. In B, pisorum and B. fabce Riley 
states the legs are slender and 3<jointed, but atrophy once the boring life within the 
seed is assumed. The retention of these appendages in certain species requires furthei 
investigation. Thus, in A. obtectus they are similarly present in the first instar, but 
most writers state that they subsequently atrophy. Kazzauti, however, finds that 
they persist throughout life in the form of papiUa-like vestiges. Owing probably 
to the nutritious nature of the endosperm upon which it feeds, a single larva usually 
devours only a small amount of nutriment but where many occur in a single seed, as 
in A^ obtectus, destruction is more complete. Pupation takes place as a rule within 
the seed. 

FAM, CHRYSOMELIDi®, — ^This family competes very closely with the Curcu- 
lionidae as regards number of species and probably over 50,000 have been described. 
They are extremely closely alhed to the Cerambycidap, and there appear to be no 
defixute and constant structural diflerences separating the two families. As a rule, 
the Cluysomelidse are very different in general appearance : their antennae are only 
of moderate length, and the eyes do not embrace their points of insertion : the upper 
surface of the body is generally bare and shining, frequently with metallic coloration. 
Jacot^ (** Fauna of India ") adopts six primary divisions of the family according to 
the following key. 

X (S). — Mouth placed anteriorly. 

2 (^). — ^Antennae widely separated at base; elytra of hard texture. 

3 (5). — Intermediate ventx^ segments not medially constricted; 

pygidium not exposed. 

4 (5I. — ^Thorax without distinct lateral margins, head produced, eyes 

prominent, prostemum exceedingly narrow. bupoda 

5 (4) .—Thorax with distinct lateral margins (rarely without), head 

not produced, eyes not proxninent, prostemum broad. cycuca 

6 (3), — Intermediate ventral s^^ments constricted; pygidium 

usually exposed. 


CAMPTOSOMBS 



m COLSOPTEKA 

7 not widely eepmtdd 4 t tme, gnriemlly 4 ::l^y 
ikpjDflroxiinnte ; dl3rtnt xnoiw or loss solt m texture. riximqis/m»M' 

8 l%)f- ^Moom not normsl, small, bidden or nearly so. ciiyptosxoiios 


The Enpoda include the Sagrinae, Donaciinae and Criocerinae. The Sagrinas are 
large brilliantly coloured tropical insects with strongly thickened hind femora. Only 
two species are European and both are rare in Brita^. According to Sharp the larva 
of Sagra spiendtda lives in swellings on the stems of Dtoscorea, The Donaciinae are 
elongate and usually metallic insects common in temperate climates. They are 
aquatic in the pre>imagmal stages and in Hamonta the adults also hve benea^ the 
water. The metamorphoses of Donacta have been investigated by Schmidt^Schwedt 
{Berlin Ent, Zeits., 1887, 1889), MacGiUivray (1903), Boving (1910), and others. 
The larvae feed submergeid at the roots or in the stems of water plants. They are 
elongate, sub-cylmdncal whitish creatures with short, hooked thoracic legs. The 
abdomen is terminated by a pair of spinous processes, the structure and functions of 
which have been much discussed. They enable the insect to perforate the plant 
tissues and insert its caudal extremity into the air spaces for purposes of respiration. 
When feeding, they gnaw holes in the plants and, by means of their specially modified 
mouth-parts, they extract the sap which is 
pumped into the digestive system by the aid of 
the phar3mx. The pupae are enclos!^ m tough 
cocoons attached to the roots of the host plants. 

The Criooerinae are represented in Bntain by a 
few species of Zeugophora^ Lema and Crtocerts. 

Their larvae are short, thick, fleshy grubs which 
feed externally on the leaves of plants. Some have 
the habit of concealing themselves with coverings 
of excrement while other, and often closely allied 
species, do not possess this trait. The asparagus 
l^etle {Crtocens asparagt) is familiar to groweis 
of that vegetable, and Lema melanopa is occa- 
sionally injurious to growing cereals. 

The Cyclica include tlie greater number of the 
species of the family and over 170 are Bntish 
(Fig. 509). Their larvae live exposed on plants and 
are short and convex, frequently witli leathery 
pigmented integument : those of Onna are well 
figured by Chapman (1901, 1903) and of Lepttno- 
iarsa by Tower (1906). The latter genus includes 
the well known Colorado potato beetle (L. decern- Fig. 509.-~Carsr«oj#jffxJ atAPHTiEA , 
Hneata), The larvae and imagines of Phesdon are Europe and N America, x 4. 
dtttructive to Cruciferae, particularly mustard. Above— Tarsus more highly 

the former feeding in companies on the leaves. magnified. 

, f According to Chapman (1901) certain species of 
OHna are viviparous and this same method of reproduction is recorded by Williams 
{Bnkm, 1914) in Phytodecta vimtnalis. 

The C^ptostomes are charactenzed by the peculiar structure of the abdomen 
which appears to be correlated with the formation of a case which envelops the egg. 
The larvae are also enclosed in cases which are composed, at least partially, of excre- 
ment. Owing to their concealed life they are usually devoid of pigment and resemble 
email Scarabaeid larvae in general form. The larval cases of Ctypiocephalus and 
Ctyihra are described by Weise, Fabre and others : in the former genus they are 
carxM almost erect and the larvae move with a jerky action. The life-history of 
Cly^a quadripunctata has been studied by Donisthorpe (Trans, Ent, Sac,, 1902) : 
ita larvae live m nests of Formica tufa and their cases are composed of a mixture of 
aattii excrement. 

Hhe Tiic^tomes inclade the Galerudna (Fig. 510) and Halticmae, both sub-fajafflee 
ottBtt p riaiiig a number of highly injurious species. Ilieir Isrval habits are extremdy 
iraried : many feed openly on the parenchyma of leaves, others live in roots, and a 
OOMdderable number are leai-mineis. The turnip flea beetle, Phyttotreta nmomm. 
Other members of the genus, are exceedingly destructive to Cruciferae, espedaQy 
' # ISM turnip. This genus and other members of the Halticiiwe have greatly developed 
powers which reside in the swollen hmd femora. 

'Wf'i. Cryptostomes consist of the Hispinae and Casridinae. The speems 

MUflUuanv cnvnnid Imv irfnnr nnriffht sninea : thev a» nwinlv tlOlMCal SM 





riavTO^^A . ^ 5^5 

tjbgfe to uwm wi tttrt in tin* ttritfah t^ir iarv^ieiO 

«i;# Thi» Otttdidtefle include Him beetlee« and have the latccul 

fm^ns of the body greatly expanded which give these insects a flattened shield-hhe 
Mpearaace. Many are notable for thdr extremely brilliant coloration which fades 
very quickly after death. Their metamorphoses are of a remarkable character (vide 
Muir and Sharp, 1904) ; in certain species the eggs are enclosed in an ootheca often 
of complex structure^ in others the ootheca is very small and imperfect and a layer 

of excrement is laid over it. The larvae are short 
and oval, somewhat flattened and spiny, often 
assuming bizarre forms: they i^nally cover their 
bodies with excrement which is supported and 
attached by a forked caudal process. The cast 
skins also form part of this adventitious covering 
and the excrement may either form a solid pad, 
attached to the exuvias, or assume the condition of 
long filaments. 

FAM. CERAMBYCIDiS (Longicomla) . — The 
longicorn beetles number about 13,000 species mostly 
of elongate form and attractive coloration (Fig. 311) 
Some of the members, such as Macrotoma keros and 
Titanus giganteus^ are among the largest of insects. 
The family exists throughout the world wherever 
there is woody vegetation, and includes an almost 
infinite variety of shape and ornamentation among 
its species. Although frequently dissociated into tm 
F10.510 . — GALEnvesLLA LOTRoiA, Qt three divisions, each of separate family rank, it is 
Larva, Dorsal and Ventral scarcely necessary for general purposes to do other 
Aspects. Enlarged. wise than follow Sharp and regard these insects as 

After siivMtri. forming a smgle family. The number of genera and 

species found in Europe is very small compared with 
those of the tropics. Only a few outlying representatives of this extensive group 
occur in Bntam, and they comprise atout 65 species, several being exceedingly rw 
or doubtfully indigenous. A number of forms are well known for their cryptic 
coloration, while others exhibit a close mimetic resemblance to insects of other 
families and also of other orders. One of the most striking cases of cryptic colora- 
tion is afforded by the African Petrognatha gigas whose whole upper surface resembles 
dead velvety moss and its irregular antenna: 
are very like dried tendrils or twigs. The com- 
mon Bntish species Clytus arietis bears a close 
resemblance to Vespa i it, furthermore, runs 
actively and exhibits antennal movements 
highly suggestive of those of a wasp. An in- 
teresting digression on these subjects will be 
found in the work of Fowler (1912) where a 
number of instances are enumerated. Many 
Cerambycidae possess the faculty of stridulat- 
ing : in some cases the sound is caused by the 
hind margin of the prothorax working against 
a specialized striated area at the base of the 
scutellum : in others sound is produced by the 
fnction of the hind femora against the edges 
of tbe elytra. In the Hawaiian Plagiihmysus 
both types of organs are present in the same 
ins^t. 




The larvae of the Cerambyddas bore for the 
most part into the wood of trees, but a few 
are confined to the roots or pith of herbace- 


FIG 51 X. — SapEXEA POPULKXAt EuROVE 

AND N. America. X a. 


ous plants. Most species affect dead or de- 
caying trees, some selecting moist and others dry wood. Certain species bore into 
ti)ae bark or into the sap or heart-wood of living trees and a few, such as 5 apsrdn, 
HVO in stems. T^ pupal habits are likewise vaned, this instax occurring to the 
wood, between the latter and the bark, or in the bark. The pupa lies to the 
larval Ibuirow or to a special gaUery leading therefrom and, in either case, a 
dosed dbamber is formed by the entrance being plugged with frass or fibrous dhips. 
Itasgr ipeciss adopt further for sealing up the pupal chamber (vide Beeson^ 
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ffii. Forest Bull 3$, 1919)- la these cases a large amount of caldnm carbonate is 
produced by the Malpighian tubes, this substance being mixed with gummy or sUlty 
matter and utilized for constructing an operculum which completely closes the pupal 
cell. In other cases the whole of the latter may be lined by an egg-shell-like coalmg 
of the same substances. Cells which are closed or lined in this manner are protected 
from various enemies and are also probably enabled to maintain the requisite moisture- 
content. On account of their concealed mode of life, the larvae (Fig. 5x2) are soft 
and fleshy and of a whitish or yellowish colour : they are, furthermore, often hndy 
pubescent. The form of the larvae is largely correlated with their habits, the bark- 
boring species being more or less flattened while those living in wood or stems exhibit 
a tendency to become cylindrical. The head is invaginated into the prothorax and 
is usually small and transverse, but in the Lamiinae it is longer than broad. The 
piothorax is large and is broader than the remaining trunk-segments. The 9th abdo- 
minal segment is often longer than those preceding and somewhat vesicular : in the 
Aseminae it bears a pair of chitinous spines. Thoracic legs are generally present, 



Fig. 512 — Cerambycid® : Lateral View of a Typical Larva. 

C, clypeus ; DP, dorsal pseudopods | P, frons ; /, intcrsegmental region ; L, labruin ; M, mandible ; MXt maxilla ; 
P, pronotum; PD, pleural disc; PT, pleural tubercle; 5„ ist thoracic spiracle; 5io, *th abdominal spiracle; VP, 
ventral pseudopods. Adapted from Craighead Dept, Agnc, Office of Sec. Report, toy. 


but are usually so much reduced as to be non-functional : in most of the Lamiina^ 
they are wanting. Locomotion takes place by the aid of dorsal and ventral segment- 
ally arranged abdominal swellings which, in some genera, bear chitinous asperities. 
In many larvae a variable number of the anterior abdominal segments bear small 
asteriform structures known as pleural discs which are the points of attachment of 
chordotonal organs (vide p. 90). 

The writings of Perris and Schiodte include descriptions of a number of larvae 
belonging to this family, while among more recent works those of Craighead {Dept, 
Agric, Canada, Bull. 27 n.s.) and Kemner (Eni. Tidskr. 43, 1922) should be consulted. 
Among life-history studies those of Ritchie (1920) on Saperda and Crawshay (Trans. 
Ent, Soc. 1907) on Tetropium may be mentioned. In Saperda carcharias the life 
cycle occupies about four years in Scotland, the flrst winter being passed in the egg 
stage. In Tetropium gabrieli, on the other hand, the life-history is of one year's 
duration and hibernation occurs in the larval stage. The shorter cycle is more usual, 
but the relative supply of moisture and the nutrient qualities of the food tend to 
increase or diminish the normal time by months or even years. Several instances 
are recorded in which wood, made into furniture many years, has been found to 
contain larvae which Anally emerged as imagines (Craighead). 

Superfamily V. Rhynchophora 

VENATION OF THE CANTHARID TYPE BUT OFTEN MUCH MODIFIED AND 
APPROXIMATING TO THE .STAPHYLINID TYPE. HEAD GENERALLY PRODUCED 
INTO A ROSTRUM ; GULAR SUTURES CONFLUENT : ANTENNiE STRAIGHT, OR 
GENICULATE AND CLAVATE. PLEURO-STERNAL SUTURES OF PROTHORAX 
WANTING : TARSI APPARENTLY 4- JOINTED. TESTICULAR FOLLICLES ROUNDED 
AMD PEDICELLATE .* MALE ACCESSORY GLANDS VARIOUSLY DIFFERENTIATED .* 
MALPIGHIAN TUBES SIX. LARV.fi ERUCIFORM, USUALLY APODOUS. 

The Rhynchophora are a highly organized and mudi modified group, 
and &e theory once held that th^ represent the lowest type of Coleoptera 
a mow regarded as untenable. Their nearest affinities are with the Ftayto* 
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pbaga and, according to Gang^bauer, they were probably derived Ibrom them 
rimmgh the Bruchitte. As is points out by Gahan, there are a few genera 
in whi(di the gular sutures are distinct and separated, viz. Rhirumacer and 
Oj^corynus, in the Curculionidx, and in some Scolytidse, as for example 
Cfossotarsus. In the vast majority of the Rhynchophora, however, the 
gala is wanting and there is only a single median suture or even the latter 
may be absent. The pleuro-stemal sutures on the prothorax are present 
in Rhifiomacer and its allies, and traces may be observed near the coxae in 
many genera of Curculionidae (Marshall). With very few exceptions, the 
prostemal cpimera are fused in the middle line behind the coxae except, 
according to Marshall, in the Curculionid sub-family B3n:sopinaB. In a few 
cases the tarsi are apparently 3-jointed (Aglycyderidae and Proterhinidae) and 
they are very rarely 5-jointed. In the Scoljrtidae and many Anthribidae there 
is no distinct rostrum. The larvae in this superfamily are phytophagous, 
feeding upon almost all parts of the plant including the wood, bark, and 
roots. Those of the Brenthidae and certain of the Anthribidae possess reduced 
legs, but for the most part they are apodous. 

Table of the f amili es (partly from Marshall) : 


(2) . — ^Palpi normal, flexible : labrum distinct : pronotum with 

lateral margins carinate. 

(1). — ^Palpi very short and rigid : labrum absent or concealed : 

lateral margins of pronotum not carinate. 

(6). — ^Head with a rostrum, at least in female : tibiae never 
denticulate externally. 

(5). — ^Antennae rarely clavate and never geniculate: narrow 
elongate insects. 

(4). — ^Antenna! clavate and usually geniculate, but often 
straight. 

(3) . — ^Head never with a rostrum : tibia; denticulate externally. 


ANTHRIBIDX 

(p- 527) 


BRENTMIDX 

(P- 527) 

CURCUUONIDA 

(P- 528) 

SCOLYIIDJE 

(P- 529) 


FAM, BRENTHlDifE. — A group of elongate narrow insects numbeiing about 
800 species which are almost entirely confined to tropical countries. The size of the 
individuals of a species is often subject to a great range of variation and the males 

are usually much larger than the females. In 
many species the two sexes are structurally very 
different (Fig. 51 3). In such instances the man- 
dibles of the male are very large and prominent 
and the rostrum broad and rudimentary. The 
females have minute jaws, but the rostrum is very 
slender, often equallmg or exceeding the body in 
length. The early stages, so far as is known, are 
passed in wood, and the rostrum of the female is 
used for boring holes in which the eggs are laid. 
The larvae are very little known but are quite 
different from the usual Rhynchophorous 
being elongate and slender, and provided with 
thoracic legs. The adults of one or two genera 
have been observed to be predaceous upon wood- 
boring insect larvae. In some genera the an- 
tennae are clubbed, but the joints are quite separ- 
ate, and not compact as in the Curculionidae. 

FAM. ANTHRIBID^ (Platyrrhlnldae) Tliia 
family is very largely tropical apd less than a 
dozen species have been found in ^e British Isles. 
Its species are chiefly met with in old wood, dead 
branches and in fungi, but Brachytarsus is exceptional in that it preys upon Coeddae, 
XmjMTus and other genera have very elongate antennae and closely resemble Ceran- 
byddae; Th^ larvae of several genera are described by Perris : they bear a generad 
resemblaiice to those of the Curculionidae except that legs are present in some easel 
or replaced by tuberdes in others. 



FlO. 513 a, ECTOVMMVS CtNNAUONlIt 

Male, Borneo ; h. Head and 
Thorax of Female ; c, Evctbacee- 
tvs , Sumatra, Extremity of 
Head of Male. 
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lafaity in the animal kingdom, ^larp has estimatad l^t m,ooo ia w vi* 
number for the existing species^ of which between 60,000 and 70,000 are de 
Iho majority of these insects are characterized by the pronounced rostrum, geniculate 
.stubbed antennaB, and reduced rigid palpi (Fig. 5x4). A certain number of exceptipitit 
alia known : thus, in the Rhinomacerinas the palpi are long and flexible and the labrnm 
is distinct, while in a few Australian genera the rostrum is so short as to be aJnmt 
absent. In Dryophorus the tarsi are 5-jointed. The function of the rostrum in the 
fentjale is often that of a boring instrument, a hole being drilled' it for placing the 
eg^ : in some species the eggs are insert^ far into holes previously made by the 
ovipositor, but whether the rostrum plays any part in this act or not is uncertain : 
in a number of cases it is evidently not used for either of these purposes and its func- 
tion is not understood. The significance of the rostrum in the male appears to be 
totally unknown. In many instances this organ exhibits sexual differences, being 
better developed in the female than in the male. This dimorphism is well exhibited 
among British weevils in Rhynchites and Balaninus : the S. African Aniliarrhinus 
oviposits in cones of cycads and, in the female, the rostrum is about three times the 
whole length of the body and six times the length of the corresponding organ injthe 
male. The presence of scrobes for the reception of the 
antennae, and of provisional pupal mandibles in certain 
genera, have already been referred to (p. 479). Unlike 
other Coleoptera, an exceptionally large proportion of 
the species are clothed with scales, but very little atten- 
Yxon has been devoted to their form and structure. 

As a rule, weevils are of 
sombre coloration. Exceptions 
are found in the Rhynchitinae 
whose integument exhibits 
metallic colours : in the bril- 
liant green Phyllobius and 
PoiydrusuSf so common in 
Britain, the colour is a pro- 
perty of the scales. The 
Papuan Eupholus is sky-blue 
and the brilliancy of this 
colour even rivals that of the 
Lycaenidas. The diamond 
beetles {Cyphus and Entimus) 
of Brazil are probably the 
most resplendent of all Coleop- 
tera. In some weevils the 
ccflour is produced by a fine 
powdery exudation which is 
readily abraded and, in a few 
cases at least, it is stated to 
hb renewed during the life of 
the insect. 

The larvae of Curculionidae are apodous and exhibit great similarity of form. The 
body is more or less distinctly curved and stout, only slightly narrowing towards the 
caudal extremity. The head is rounded, exserted, and of a testaceous colour : ibe 
test of the body is greyish or whitish, with a soft furrowed int^ment. The ant^mae 
are usually reduced to small papillae and, except in larvae whi^ are external feed^» 
there are no ocelli. The vast majority are internal or subterranean feeders, and no 
part of the plants, from the roots to the seed, is entirely free from the attacks of one 
or more species. In those larvae which mine stems or leaves, the body is generally 
somewhat hairy with locomotory swellings. Sudb larvae do not exhibit the curveo 
form prevalent in this family and are often narrowed posteriorly. A few genera are 
^l^tiatic, their larvae inhabiting the submerged parts of water plants. The imaginea 
^'^such gen^a as Bagous, EtStrychius and Litodactylus are likewise aquatic and 
first mentioned swim by means of the hind-legs. A certain number of 
.flding Hypera, Cionus and Phytobius feed openly, and in both Hypera and < 

I larvae maintain their position on the plant by means of a viscous secretion ' 

~ >8 the body. The larvae of Rhynchites, AtielaJbus and Apoderus live in tv _ , 

of rolled leaves constructed by the adults ; an intercmng account of 

" in Deporaus {RhynchUes) hetula is g^ven by $haip (/wz. pt. n). In- 
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Rhynchopkams^ term tuimei in tzee-tx^iv^,.a paiticQlariy oi 
CaoRitPA Umy ci tbe OtioiThyndi^e, SiUmes, 6tc., a£Rk± roots, while the vattoas 
sp^es of Afnon attack the stem, leaves, flowers and seed. ‘ CaHandra is entire!y a . 
weA feeder, and species of other genera {Nanophyes, Gymnetrcn, Ceuihorrhyncku^ 
etc.) fbrm either stem or root galls. When about to pupate, certain species construct' 
coc^ns from a product Cf the Malpighian tubes which is worked up by means of the 
larval mouth-parts (vide Knab, I 9 i 5 )« It exudes from the anus, and forms the reti- 
culate cocoons of Hypera, the parchment-like capsules of Ciontis, the chalky nodulair 
cocoons of certain species of Larinus, and the felted cocoons of Orchestes, In the two 
first mentioned cases the material is the same as that which enveloped the larvee 
(vide above). Labial spinnerets occur in some weevil larvae, and it is likely that . 
the latter may spin cocoons in the strict sense of that operation, or contribute material 
hpm stomodaeal glands to the cocoon-forming substance. A large number of Curcu- 
lionid larvae pupate in the soil, but on the other hand, many others complete their 
transformations within the larval food-plant. 

Parthenogenesis is known to occur in several species of Otiorrhynchns^ the discovery 
being made by the Russian entomologist Silantjev in 1902. This observer found that 
1,000 examples of O, turca collected at random proved to be all females and individuals ' 
were reared subsequently from unfertilized eggs (ZooL Am, 29, 1906). Vassiliev 
{Ibid, 34, 1909) has demonstrated the same phenomenon in 0 . ligustici and GrancU 
{B< 41 , Lab, Zool, Portici 7, 1913) in O. cribricollis. 

In a family of the size of the Curculionidae it is scarcely remarkable that a number 
of the species are highly injurious, either as larvae or as imagines also. The granary 
weevil {Calandra granaria) deposits its eggs in the grains of maize, wheat or barley 
and has become widely distributed through commerce. The cosmopolitan rice weevu 
(C. oryza) affects a great variety of food substances including rice and other cereals, 
dried peas and beans, flour, meal, etc. Anthonomus grandis is the Mexican cotton 
boll weevil — ^the most serious enemy of the cotton crop in America, where it is estimated 
to destroy an equivalent of 400,000 bales annually. It is a comparatively recent 
introduction, having entered Texas about 1892 from tropical America. The eggs 
are laid in cavities made in the flower buds which usually fail to develop. Under 
suitable conditions the whole life-history only occupies two to three weeks. Antkch 
nomus pomorum is the apple-blossom weevil, locally destructive in many parts of 
England. It is univoltine and the eggs are laid in the unopened blossom buds. The 
larvae feed upon the inner parts of the flower and on the receptacle : growth of the 
flower ceases, the petals dying and forming a kind of brown cap, hence the name of 
" capped blossom " for this affection of the tree. Rhynchophoms ferrugineus F. is 
the pahn weevil, which infests the toddy and cocoa-nut palms. The eggs are laid 
in the soft tissue at the bases of the leaf-sheaths, in wounds, or in cuts made by the 
toddy drawer. The larvae tunnel the stems in all directions and pupate in fibrous 
cocoons. Hylobius abietis is extremely injurious to young conifers : the weevils 
gnaw the bark and cambial layer, thus reducing or stopping the flow of sap. The 
larvae, on the other hand, are not injurious and mostly live below ground in the roots . 
of trees that have been felled. Certain species of Apion and Sitones are pests ol 
leguminous crops, and the larvae of Ceuthorrhynchus pleurostigma form oonspicuoits. 
g^ls on the roots of cabbages and swedes. 

The literature on the structure and biology of members of this family is not ext^i^ 
sivje, as very few species have been studied in any detail. General introductions to 
Hie famiily and its classiflcation will be found in the works of Blatchley and Les^ 
(1916) and Marshall (1916} : from the morphological standpoint, Hopkins* study S 
the larval and imaginad structure of Pissodes (19x1) is valuable. For life-histoi^ . 
stndies those of Trfig&rdh (1910) on Orchestes, Jackson (1920-22) on Sitones and Silve^ 
cm Cceliodes {Boll, Lab, Zool, Portici, 12, 1917), may be mentioned. 

FAM. SCOLYTID./B^ (IpldsB ; Bark beetles). — ^These insects are for the xno^ 
part small and cylindrical, and are well adapted for a concealed life within veget^^ 
tissues (Fig. 525). The majority of the species bore into the bark and between tho 
lattar and the wood : others may attack the roots, twigs or solid wood, while sfffl . 

. species attack shrubs and a few s^ect herbaceous plants. A small numtM Of 
S]^es bore into the fruit or seed of palms, etc., young fir cones, or the wood of cadks 
barrels. The larvse and adults feed upon the starches, sugars, and other substances . 
himd in tto host plants, or upon fungi which grow in the brood galleries. Owing 
Id mentioned above these insects are among the most serio^ enemies ti^ 

^ the Platypodinas which are often regarded as a separate family on 

SOWM ci the broad head and slender first tarsal joint. 

■ -34 
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nd ft^gh ^ tok which, m ti» wood-boring forms, fe carried deerfy hite ^ 
w^ ”s^^?f^-****“* 8pea« It does not reach further than the ^ace of ^ 
wood. From the inner end of the entrance tnnnri two or more egg-tunnels are Mt 





Fig. 515. — ScOLYTIDAE. 

a, Dfndrockmus ; 5, larva i c, pupa ; d, Gnathotrichus, antenna : d, hind tibia and tarsus, (a, b, c after 

Hopkins : d, e after Schedl). 



vertically, transversely, or radially between the bark and wood (Fig. 516). With 
many species a nuptial chamber is excavated at the end of the entrance tunnel and, 
in such cases, the egg-tunnels originate from it. In most species this chamber is 
probably constructed by the male. The eggs are laid in niches along the walls of the 
egg< tunnels and the larvae excavate slender mines or larval burrows usually at right 
angles to them. The larval burrows are 


generally filled with excrement and their 
calibre increases as the larvaj grow. The 
form and arrangement of the egg-galleries 
and larval burrows exhibit various features 
characteristic of each species or group of 
species and consequently these excavations 
are of particular taxonomic value. The ex- 
tremities of the larval burrows are widened 
to form the pupal cells, and the adult beetles 
finally construct exit burrows leading from 
the pupal cells to the exterior. " Ventilat- 
ing burrows are also often constructed : 
they are located in the roof of an egg gal* 
tery and extend to or near the exterior of 
the tree. Although perhaps serving for ven- 
tilation in some cases, they appear to serve 
more usually for the storage of boring dust, 
or as an opening through which this material 
may be ejected. 

The social habits and relations of the 
sexes in this family are of a remarkable 
nature. As Hopkins remarks, there is a 
wide range of variation from simple or 
unorganized and intensive polygamy to 
specialized or organized polygamy, and a 
gradual reduction in the number of females 
associated with a single male from one male 
and sixty or more females {Xylehorus), to 
me male and two females ilps) and finally to 



Fig. 516. — Schematic Figure illus- 
trating THE TuNNELLINGS OF A BaRX 
Beetle in a Branch of a Conifer. 

£, entrance burrow; exit burrow; EG, egg- 
gallery ; £H, exit holes ; /il, inner bade ; L, lai^ 
gatieries; Nt nuptial chamber; OH, outer bark; 
F, pupal cell ; VBt ventilating burrow. 

Specialized monogamy (Scolytus), With 


species copulation takes place on the bark of old trees or after alighting on 
host tree. Monogamous species often pair in the entrance tunnel and poly- 
species in or near tiiie nupti^ chamber. 

iHiie ambrosia beetles penetrate the wood and thdr larvse are nourished by perlite 
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lung} which develop upon the wtQs of the burrowe. A carefully prepared bed or 
layer of chipa and excreta is provided by the female beetle^ upon wbi^ the fungua 
develops — ambrosia being the name applied to this fungus-food. The myceliutn 
spreads to the various galleries staining them dark brown or black owing to the action 
of fungus upon the wood. Certain species of fungi appear to be associated with 
individual species of beetles. Unless eaten ofif regularly, the fungus develops and 
spreads rapidly and during wet weather it may block up the galleries and kill the 
occupants. The transportation of the reproductive bodies of the fungus from one 
tree to another has received diverse explanations and takes place, either fortuitously 
or intentionally, through the agency of the beetles themselves. In the case of Xyle- 
borus it has been stat^ that the conidia are either voided in the excreta or carried 
in the crops of the female beetles, and regurgitated when a fungus-bed is being pre- 
pared. In other cases it has been found that the brushes on the front of the head 
in the female of certain species retain the conidia among their hairs, and facilitate 
transportation. In Diapus furtivus Beeson (Jtid. Forest, Rec, 6, 1917) has observed 
the same method of conveyance. He also stales that groups of large prothoracic 
pores are found in many Platypodinae and are each filled with a globule of fatty 
secretion to which the spores (conidia ?) readily adhere. He has observed the latter 
germinating in situ but they speedily become separated from the insect once the 
latter is established in its tunnel. Among the best known genera of ambrosia beetles 
are Xyleborus, Trypodendron, Crossotarsus, Diapus, and Platypus, 

Scolytid larvae are apodous and usually closely resemble those of the Curculionid®. 
The literature on the family is very extensive ; among the more important contributions 
are those of Hopkins (1909. 1915). which are accompanied by a full bibliography, 
and the writings of Hagedom, Swaine, Nusslin, Fuchs, etc. : works on forest ento- 
mology should also be consulted. Over 1,300 species are known and more than 40 
occur in the British Isles. 

In addition to the four families already dealt with, the PROTBRHINIDiE are a 
very small and highly aberrant family consisting of two genera. Aglycyderes occurs 
in the Canary Islands and New Zealand and Proterhinus inhabits the Hawaiian and 
other Pacific Islands where it is represented by many species, found under bark, etc. 


Superfamily VI. Lamellicornia 

VENATION OF THE CANTHARID TYPE OR APPROXIMATING BY REDUCTION 
TO THE STAPHYLINID TYPE. ANTENN.® WITH A HIGHLY DIFFERENTIATED 
LAMELLATE CLUB. LEGS USUALLY FOSSORIAL ; TARSI 5-JOINTED, FIRST 
PAIR SOMETIMES WANTING. TESTICULAR FOLLICLES ROUNDED AND PEDI- 
CELLATE, AND ALMOST ALWAYS ONE PAIR OF MALE ACCESSORY GLANDS; 
MALPIGHIAN TUBES FOUR. LARV® FLESHY AND CRESCENTIC, OCELLI GENERf 
ALLY WANTING, LEGS RATHER LONG. 

The Lamellicornia form one of the best defined and most easily recog- 
nized of the major divisions of Coleoptera. They have no transitional forms 
connecting them with other groups, and are regarded by Ganglbauer as 
being the highest series of the order. They are primarily fossorial, and the 
burrowing habit persists to a greater or less degree in the majority of the 
species. In form they are compact and very stoutly built ; they are 
endowed with remarkable muscular powers but they walk without much 
agility, and in an ungainly fashion. Nearly all species, however, are active 
fliers : apterous forms are relatively few and, ^though most frequent in 
the female, they may occur in both sexes. In some members of the group 
the colours are bright and striking, and the head and thorax are often 
ornamented with remarkable cuticular outgrowths, producing some of the 
most bizarre forms in the insect world. Sexual dimorphism is a very char- 
acteristic phenomenon, the differences affect almost every part of the body 
and, in many cases, the males and females of a species are so imlike that 
they have been relegated to different genera (Fig. 4fe). LameUicomia are 
also remarkable for the variety of their stridulating organs, not only in the 
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u:i, but more particulariy emong the larjw r is 

highly pitched, and often inaudible to the nvmm tar, if the 

■ iiicct be held more than a few inches distant. The egjgs are large and few 

in number : they are noteworthy from the fact that tli^y have been ,ob- 

.. -Sfiirved to change considerably their form and size during growth after 

: :jdeposit^^ During ttie larval stage these insects feed upon dead vegetable 

OT animal matter, roots, or dung and occur in the ground, in the deca3dng 

^ of trees, or in debris, etc. The larvae are described by Sdhi^te, 

Paris and others. They are easily recognized and exhibit great similarity. 

' They are broad and fleshy, whitish or greyish white and the body is curved 

in the form of a letter C ; the legs are well developed, but are rarely used 

for locomotion. The majority of species lie upon the back or side and are 

surrounded by sufficient food to render active movement unnecessary. 

The head is large and downwardly inclined and strongly chitinized^. the 

three thoracic segments are short, bringing the legs closely together, anflf the 

last two to four abdominal segments have a somewhat inflated appeaimce 

being much larger than those preceding. Eyes are seldom present, v^ut 

the anteimae are well developed and 2- to 5- jointed. The mandiblesdarc 

powerful and exposed, and the maxillae terminate either in one or two lobes. 

The prothorax and &st eight abdominal segments each bear a pair of 

spiracles. 

A general account of the Lamellicomia is given by Arrow (1910) ; they 
are divided into three families which may be recognized by the following 
characters : 


I (4). — ^Antennae not elbowed. 

t (3). — Joints of antennal club not very thin, brought together by passalida 
rolling up. (p. 53^) 

3 (2), — Joints of antennal club very thin, closely coadapted and scARABiEiPiB 

incapable of being rolled up. (p. 533) 

4 fi). — ^Antennae almost always elbowed, the joints of the club not lucanid« 

very thin or coadapted. (p. 53z) 

FAM. PASSALIDiE. — ^The members of this family are somewhat flattened, 
black or dark brown insects. The elytra (Fig. 517a) cover the abdomen and are 
deeply longitudinally striated, and the mandibles are not specially developed in the 
male. About 250 species have been described and they inhabit deca3dng wood in 
the moist warm forests of the world. None are European, and only a single species 
occurs in America north of Mexico. These insects 
appear to have attained a degree of social organiza* 
tion that is quite exceptional among Cdeoptera. 

Chaus has observed the two parent beetles accom- 
\ panied by several larvss which they tend through- 
out life until maturity is attained. The adults dis- 
integrate the wood and chew it into a condition 
suitable for consumption by their progeny. The 
' laxvas (vide Gravely, 1916) are more elongate and 
markedly crescentic thw those of most Lamelli- 
eomia (Fig. 519). They are, furthermore, active and 
/ have the first two pairs of legs relatively long ; the 
' ihird pair are greatly modified, each leg being reduced 
a very short coxa and a more elongate trochanter. 

' The latter is adapted to form an organ which works 
a striated area on the mesocoxa, thus producing 
l^/sque^ noise. Stridulatkm is effected in the adults by friction between the 
vli^gs and the uppei surface of the abdom^. 

// ■•AM. LUCANIO^B (Stag beetles).— In these insects the abdomen is covatad by 
elytra but the latter are ahnost always devoid of longitudinal stdas. 

.tee familiar oa account of the great devmopment of the mandibles in the 

acme cases attain a length equal to that irf. tbe reat of ^ body ’ 



Fig. 
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they are iKHt as 8ttPi[|g» or 1^ 

of idflictiiig as severe a bite, as the short stoet mandibles of the female. The male 
insect axe , usually much larger than those of the other sex and they exhibit great . 
variation in size among individuals of the same species. These variations are coupled’ 
witihi striking differences in the development of the head and mandibles and it is of 
posirible to distinguish large (teleodont), small (priodont), and intermediate (mesodonli 
fotms. In other cases there are no intennediates known between the extremes and 
species, like Odontolabis sinensis, consequently exhibit what has been termed l^h and 
low dimorphism. Lucanid larvae inhabit the rotting wood of trees or their roots. 
They possess well developed antennae and legs, the maxillae are single-lobed and they 
differ from many Scarabaeid larvae in that the segments are not raised into three 
folds. The larva of Lucanus cervus stridulates by rubbing certain hard ridges on 
the third pair of legs over a rugose area at the base of the second pair : the tliird 
pair, however, is not specially modified or reduced in size as in the Passalidae and 
Geotfupes, The duration of larval existence in this family does not appear to have . 
been definitely ascertained : in L. cervus it lasts about four years, while certain other 
species are stated to require six years to complete their development. Pupation 
takes place in a cell formed of gnawed wood fragments. The holarctic genus Sinodm* 

dron is of an aberrant character and several recent 
authorities accord to it family rank. The species 
are completely cylindrical and instead of the man- 
dibles differing in the male, the latter sex carries a 
cephalic horn. The thorax is very truncated in front 
and the antennae are short and non-geniculate. The 
larva occurs in rotting wood of ash, etc. : it is more 
slender than the usual Lamellicom type and gradu- 
ally narrowed posteriorly. About 600 species of 
Lucanidae are Imown but only three genera, each 
with a single species, occur in the British Isles. 

FAM. SCARABiElDiG (Chafers, etc.).— -A very 
large family of more or less convex insects, with the'' 
mandibles not specially developed in the males, and 
with the elytra not usually completely covering the 
abdomen. Over 14,000 species are known and about 
90 occur in the British Isles. A classification of tins 
extensive group, with a table of sub-families, is given 
by Arrow but only certain of the more important of 
the latter can be referred to here : a key to a number 
of the larvae is provided by Perris. 

Fio. - Lvcauvs cxBvua, The Cetoninae are t5q)ically represented in £ng^ 
Male, natural size, land by the rose chafer " — Cetonia aurata. They 
Europe. are exceedingly brilliantly coloured, mostly diurnal 

insects, especially found in the tropics, and number 
about 2,500 species. Their mouth-parts are adapted for dealing with soft or liquid 
food and the labrum is membranous and concealed ; the mandibles, with few excep- , 
tions, are thin and incapable of biting, and the maxjllae are invested with long hairs. : 
The larvae are generally found among roots, in decaying wood, accumulations of dead 
leaves and other plant refuse. The life-histories of Ceionia, Oxythyrea, and Proimtia 
have been fallowed by Fabre {Souv. Ent, 8). The larvae of P. cuprea, and other 
species, inhabit the nests of Formica where they have been found consuming the 
woody matoial of which these habitations are o^mposed. The Cremastochilini axnj 
exceptional in bdhg mostly sombre-coloured nocturnal insects, living as larvae and " 
adults in the nests of ants and termites. * z 


The Dynastinae include some of the largest and most striking of aU ColeoptetaMi 
majority of this species are black and, being nocturnal or crepuscular in bahi^^ 
they are not very often seen at large. Th^ are chiefly remarkable on account til 
the extreme devdopment of sexual dimorphism which is exemphiied in the presenoe" 
od l^ge homy processes in the males, On the head there is usually a slender, recurved^, 
add sometimes toothed or bifurcated frontal horn : on the prothorax there are cpxn- 
one or more processes which often arisefrom the margins of adorsal cavity. In 
cases, e«.g. Oryctes rhinoceros both sexes are homed. Many species possess strids^^ 
organs conskting of a file-Uke area on the penultimate tergum which is rasped 
of the elytra. The D3mastinae include about too species, almost all 
SW tropicei, and more espec^y neotropical. Very little is known of their 
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Fig 5ig -Lamiilkorn Larv^ and hrRii>ULAXOR\ Organs 

A, larva of Anomala Pohta (Scirabaidp after (lardncr) B lirva of Paswlus with C eul irgrd detail of part of 2nd 
Ug and reduced 3rd leg D, Lucanus <ervus ^rd leg and L, 2ud leg 1 , Phyllopirtha htniuola left maxilla and G right 
miiadible H, GetArupes 3rd leg and land leg Cp coxa, f, femur, reduud3id Ug , p, plectrum, sa stndulatoiy 
area, /, trochanter, ti, tibia 




Baxiks {Philippine Journ, Sci. 1906) states that it will also develop freely in vegetable 
refuse and m soil. O. nasicomis is often found in decomposing bark refuse of tannenes 
in S. Europe. 

The Melolonthinae include the cockchafers ** and the common European MeUy 
loniha vulgaris (Fig. 517) formed the sub- 
feet of the dassi^ anatomical memo!: 
by Straus-Durckheim. They differ fron 
the two preceding groups in the pres 
ence of an evident chitinized labrum 
and comprise nearly 4,500 species. Th 
larvas feed among decaying vegetabL 
matter cmt among the roots of plants ant 
ore, in some cases, exceedingly mjunous 
In the case of M. vulgaris the eggs ar< 
laid in several batches of fifteen or mor 
during early summer which are depositee 
to a d^th of 6 to 8 inches in the ground. 

The larvm hatch after an interval o^ 
about three weeks, and the insect n 
mains in this stage for three years iu 
England, and for a longer or shorter penod in other countries according to dimat 
eeildltions, During the cold months the larvae descend into the ground but, for th 
Wft of the year, they come nearer the surface and devour the roots of com, gras! 
Mb*# sometimes causing great injury. At the end of the third summer, they Ion 
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oval pupal ceDa at a of taro feet or more in the 8oU« the adtilts «nergeab(mt 
October but do not leave the ground until about the following tfay» when uiey aie 
common about oak and other trees upon whose foliage they feed. 

The Rutelinse are likewise an extensive sub-family and many of the species are 
brightly coloured. In general fades they resemble the Melolonthinae but are usually 
separable on account of the mobile claws which are of unequal size. They are repre* 
sented in Britain by Phyllopertha hofticola, whose imagines often devour the leaves 
and blossoms of roses and f^t trees, and Anomala frischii. Species of Lachnostima 
are very destructive, as larvae, in N. America. 

The Geotrupinae or “ dor ” beetles are large convex insects mostly of coprophilous 
habits. The labrum and mandibles are large and horizontal, the eyes are divided in 
front and the antennae are ii-jointed. The best known spedes are those of Geotrupes 
of which G. stercorafius L. and its allies are familiar objects in Britain. They attiMt 
attention on s^ wann summer evenings by their blundering flight accompanied by 
a loud humming noise. The above species is evidently the “ shard-bome beetle " 
of Shakespeare and the “ drowsy beetle *' of Gray*s Elegy. Geotrupes constructs 
barrows about i8 inches deep in the earth, below a patch of dung, and portions of 
the latter are carried down to serve as food for the larvae. Each burrow is hlled at 
its blind end with a plug of dung in which a single egg is deposited. The larvae stridu- 
late v^ much after the manner of Passalids, only the hind-legs have sufEered less 
reduction and the positions of the file and rasping organ are reversed. The adults 
stridulate by rubbing together a file on the hind coxae and the sharp edge of the coxal 
cavity. 

The Troginae are a small group which differ from the Geotrupinae in the labrum 
and mandibles being not horizontal. They mostly live in dried decomposing animal 
matter, and are represented in Britain by two species of Trox. 

The Aphodiinae are more or less oblong convex species of small size with concealed 
labrum and mandibles. They are useful scavengers and are found abundantly in 
dung. The extensive genus Aphodius is represented in Britain by about 40 spedes, 
and the larva of A. fossor is described and figured by Schiddtc. 

The Coprinae are round or oval and often very convex beetles living almost entirely 
in dung. Their mandibles are membranous and incapable of biting. Much of our 
knowledge of their biology is due to Fabre, and the curious ball rolling habit of the 
sacred Scarabceus of the andent Egyptians has attracted attention from early 
times. Similar habits are met with among the dose allies of this insect living in S. 
Europe, Asia and Africa. The ball is composed of dung which, in this form, is trans- 
ported to a suitable retreat as food for the beetle its^. The mass of dung which 
contains the egg is pyriform and it is constructed in a separate underground chamber 
of material brought there for the purpose. In Copris this chamber is very large and 
is the combined work of the male and female. It contains two to seven pyriform 
cdls of dung, each containing a single egg, and the '* nest ” is guarded amd tended 
by the female. In some of the Indian species of Heliocopris and Cartharsius the eeg 
balls are very large and coated with day. Wlien first discovered they were thought 
to be andent stone cannon balls, and Ldroy mentions one being found 8 feet below 
ground. Certain species, including Copris hispanus, are unique among solitary insects 
in that the female, instead of dying after oviposition, tends her brood to maturity 
and then produces a second generation, but the number of eggs laid in each case does 
not appear to exceed four. Several genera are myrmecoplSlous and have the usual 
secretory glands and hair tufts indicative of symphiles. The sub-family is represented 
in Britain by Copris lunaris and several spedes of Onthophagus. 
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Order 20. STREPSIPTERA (“ Stylops ”) 

S MALL, USUALLY ENDOPAKASITIC, INSECTS J MALES WINGED AND FREE- 
LIVING, FEMALES MOSTLY LARVIFORM AND NEVER LEAVING THE HOSTS. 
MALE WITH CONSPICUOUS FIABELLATE ANTENNA AND DEGENERATE 
MOUTH-PARTS OF THE BITING TYPE. METATHORAX VERY GREATLY DEVEL* 
OPED : FORE-WINGS REDUCED TO SMALL CLUBBED HALTERES, HIND-WINGS 
LARGE AND FAN-SHAPED. FEMALE USUALLY APODOUS WITH HEAD. AND 
THORAX FUSED : EYES AND ANTENNR ATROPHIED, MOUTH-PARTS VESTIGIAL 
OR WANTING, SEXUAL OPENINGS UNPAIRED AND SEGMENTALLY ARRANGED 
ON SEVERAL OF THE ABDOMINAL SOMITES. HYPERMETAMORPHOSIS PRESENT. 

The order Strepsiptera comprises a small number of very anomalous 
insects whose larvae exhibit an endoparasitic mode of existence which is 
retained throughout life in the female. In common parlance the adults 
are termed " stylops " and an insect harbouring these parasites is said to 
be “ stylopized." Their hosts consist principally of members of the series 
Auchenorhyncha of the Homoptera and superfamilies Vespoidea, Sphccoidea 
and Apoidea among the Hymenoptera. Among the most extensively para- 
sitized hosts are species of the Homopterous genus Lihumia and the genera 
Vespa, Polistes, Halictus and Andrem among Hymenoptera. The last- 
mentioned genus is more often attacked than any other and it includes a 
voy long list of parasitized species. 

The majority of English and American writers have included the Strep- 
siptera among the Coleoptera, placing them near the heteromerous families 
Meloidae and Rhipiphoridae, mainly on account of similarities in the larvx 
and metamorphosis. The characters of the Strepsiptera, however, are so 
difierent from those of any other group of insects, that it appears desirable 
to regard them as an order of their own (vide Pierce 1909). 

About 170 species are known and the majority have been discovered 
in the holarctic region, nevertheless, the order is also represented in the 
remaining zoo-geographical regions : a synopsis of British species of Stykps 
and Halictoxenus is given by Perkins (1918). All members of the order 
are very small or minute, the males commonly measuring about 1*5-4 nuR'iR 
length. In colour they are either black, or some shade of brown, and the por- 
tion of the female which protrudes from the host is usually yellowish brown. 

External Anatomy (Fig. 521).— In the males the integument is very 
thin and in many parts transparent. The head is transverse, the compound 
eyes are very protuberant, and there are no ocelli. The antennae are 4- to 
7-jointed, but are variable in form and of peculiar structure : the third 
joint is flabellate, giving the antennae a bifurcate appearance, and the 
Rtteceeding joints may also be similarly produced, the antennae then appear- 
ing as if branched. The surface of the joints is studded with cmnplex 
aehscay organs. The mouth-parts exhibit modification and great reduction 
tem the normal biting type. Only vestiges of parts corresponding with 
tiie labrum and labium are recognizable ; the mandibles are usually nmew 
and sickle-like or, more rarely, they are short and membranous, while a 
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pair 2- or 3>jointed organs have been variously interpreted as maicilbe 
or labial palpi. In the thorax the first two segments are greatly reduced, 
but the metathorax is very large, occupying at least half the length of the 
body. The legs are only used for clinging to the female during copulation : 



Fig 521 . — NxosTiLops ssiNNoxt, N* America. Male, Enlarged. 

After Pierce, Proe U S Nat Mus 54. 


the tarsi are ordinarily 2- to 4-jointed, without claws, and usually each joint 
IS provided with a ventral adhesive pad. The anterior wings are repre- 
sented by small club-like processes, but the hind-wings are relatively large 
and fan-shaped, Mdth radiating veins. The venation is degenerate ; in the 

most generalized forms eight simple longi- 
c — tudinal veins are recogmzable but their 
B homologies in relation to the pupal wing- 

/v ~ A tracheation have not been determined, and 

I A Lj _0 1 1 there are no cross-veins. The abdomen is 

/ 1 ^^~~r J j lo-segmented : an aedeagus or genital sheath 

L. — 1 L I • j J encloses the penis and is located on the 

r — j j i I I 9th sternum : cerci are absent. 

r 1 . j • i i The female (Fig. 522) is highly modified 

p \ I 1 through degeneration in accordance with a 

^ - permanently endoparasitic life. Sheislarvi- 

t / j ] J form, apodous, and enclosed in the persistent 

\/ ~ \ \ 1 larvad cuticle. The head and thorax are 

, i I y adnate forming a cephalothorax which is 

\ ' / separated by a constriction from the long 

sac-like abdomen. Antennae and eyes are 
FIO . tbbbjlmum. A. wanting and the mouth-parts are vestigial : 

FDiiy-GRow» Male Larva, b, mandibles are present in some groups but 
Adult Femalb. wanting in others. The thorax is separated 

gi.j 5 Sci ventrally from the head by the aperture of 

the brood canal, which is a passage between 
the body of the female and the last larval cuticle, leading from the genital 
apertures to the exterior. 

Intemal Anatomy. — Our knowledge of the internal anatomy of Strep- 
siptera is mainly due to Nassonow whose work forms the basis of the account 


Flo. 322. — Xjtyo8 rxuPAKVM, A, 
Fully-grown Male Larva. B. 
Adult Female. 
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given by Fierde (X9O0). The aHmentary daael is an tttooavditited hAte 
simple structure. In the male it exhibits three well-marlced r^oas»- 
the fore, middle and hind intestine, but there is no communication betweoi 
the two latter parts of the gut : in the adult female the hind intestine has 
atrophied, the posterior end of the stomach being in contact with the 
integument of the last abdominal segment, there being no anal opening. 
The Malpighian tubes are only doubtfully represented by sTna.11 papillae. 
The nervous system is highly concentrated in both sexes: in the male 
the brain assumes much larger proportions than in the female, owing to the 
presence of the antennary and visual centres. The para-oesophageal 
connectives pass to a common ganghonic mass formed by the union of all 
the ventral ganglia up to, and includmg, the ganglia of the 2nd or 3rd 
abdominal segment : a median abdominal nerve cord terminates in a 
narvous centm formed by the coalescence of the posterior ganglia. The 
tracheal system opens to the exterior by one or two pairs of thoracic spir^es 
and, in the male, up to eight pairs of abdominal spiracles. The reproductive 
$}rstem is very similar in the larvae of both sexes and consists of a pan of 
tubes l3dng one on either side of the gut. In the adult male, these or^ms 
mauntain their paired structure, and commumcate with the exterior 'by 
means of a common duct. In the female, the reproductive orgams are stated 
to disintegrate, and the egg-masses aire scattered through the body space. 
Cuticulaur invaginations, which develop into funnel-hke tubes, function as 
genital ducts. The number of these apertures appears to vary from three 
to five : they are segmentadly disposed on the median ventral region of the 
2nd amd following abdominad segments. 

Biology and Host Relations. — The biology of these insects has been 
mainly studied with reference to species paiasitizing H}rmenoptera. The 
only tolerably complete study of the life-history of any species is the account 
given by Nassonow (in Russian) of Xenos vesparum. Male Strepsiptera aure 
free-living, auid usually only survive a few hours after emerging from their 
hosts. The females, on the other hamd, remain permanently endoparasitic, 
and only the cephalothorax is visible externally, where it protrudes through 
the body wall of the waisp or bee. The males are by no meams rare insects, 
but their small size and brief life cause them to dude the observation of 
most entomologists. They emerge from their hosts early in the morning, 
very soon after the latter have taken to the wing. Pairing takes place by 
the made adighting on the host, amd insertmg the aedeaigus mto the aperture 
of the brood carnal of the female (Perkins) : in some caises it appears piobable 
that the eggs are able to develop parthenogenetically. The larvae hatch 
within the body of the female and issue in large numbers (sometimes several 
thousamd) through the genital canals previoudy alluded to. They paiss into 
the space (or brood pouch) between the ventrad surface of the parent amd 
persistent larval cuticle, idtimately emerging through the aperture 
of the brood canad. They then remain upon the body of the host untd 
opportunity is afforded for escape. At this stage the young larvae beair a 
resemblamce to the triimgulins of Mdoe: they aie very minute, active 
creatures with well formed eyes amd legs, amd pairs of long caudal set<e 
(Fig. 523). Their method of securing a new host has not been directly 
Obsi^ed but, presumably, they leave the " maternal ” hosts when the latter 
axe on flowers, in the nest, or in other situations. If liberated on to flower? 

^obably attach themselves to other host individuads that come along 
load Mcome transported thereby to the nests. Within the latter, they seel 
the laurvae, and speedily burrow through the body-waU and becom 
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eniq»p«wM«n9b oavmg entcmS the hoet, tine etylopid larvite vndeiige 
eod3n^, assu mi ng an apodons maggot-like form hx the second instar (F%. 
59^}. Thdr subsequent history has been followed by Nassonow in the 
case of Xmos, Nutrition appears to take place by the iUtration of ^ 
host’s blood through the delicate cuticle of the parasite. The parasite does 
not penetrate the organs of the host, but occupies the body space between 
than, pushing them out of position. At the 7th mstar the parasitic larva 
works its way outwards, so as to protrude from the abdomen of the host 
and, at this stage, the wasp or bee has assumed the pupal condition. In 
the case of Sfylops protrusion usually lakes place tWugh the mterseg- 
mental membrane between the 4th and 5th abdommal segments. The 

male parasite now undergoes pupation and 
the pupa is enclosed in the exuviae of the two 
preceding instars The rounded tuberculated 
apex of the puparium, thus formed, is the 
only region visible externally and the winged 
insect emerges by pushing open an operculum. 
The female parasite is recognizable by the 
flattened disc-hke cephalothorax, the large 
white grub-hke after-body remaining withm 
the abdomen of the host 

Both sexes of the host are hable to parasiti- 
zation but, m most cases, the largest number 
of attacked examples are females As a rule, 
male parasites are the commoner, but both 
sexes may occur m the same mdividual host. 
The latter often nounshes several parasites : 
Pierce (igog) mentions the exceptional num- 
ber of 31 larvae m a smgle host and states that 
the largest number of male pupana foimd 
exserted from the body of a host is 15. The 
effects of stylopization on the hosts have been 
studied by P6rez (1886), Smith and Hamm 
(1914), Perkms (1918) and others with refa* 
ence to Andrena and by Salt (1931) in 
Vespids , the whole subject is also discussed 
by Pierce and by Wheeler In the first-men- 
tioned genus, stylopized examples often 
exhibit a shorter and more globular abdomen 
with increased pilosity, the head is usually 
smaller than in normsil specimens, while the 
piincturation of the body becomes finer, but different individuals do not 
necessarily react similarly to the presence of the parasite. These changes 
are common to both sexes and affect the specific characters. Much con- 
fusion has consequently arisen through the foundmg of new species on 
stylopized individuals. The following changes affect the secondary sexual 
characters (i) Parasitized females have the pollen-collecting apparatus 
so diminished that the hind-legs resemble those of the males (a) The 
dypeus or frons in the males is normally marked with a greater amount of 
yellow than in the females : stylopization may result in the females acquir- 
ing the yellow coloration of the males, and mdividuals of the latter sex 
^ying the light colour very markedly diminished. (3) The stmg is curtail^ 
m Mse and ^ copulatory apparatus of the male suffers reduction. Catain 
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Fig 523 — Sttlops califo 
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mmor changes may also occur and PIrez concludes that, in the case of 
A.ndr0m, secondary sexual modifications induced by stylqpization are 
inversions of development, and that parasitized examfdes are not merely 
diminished individuals, but that the female acquires certain characters 
belonging to the male and the male develops certain of those which pertain 
to the female. 

Before maturity the parasites live on the fat-body and blood-tissues of 
the hosts. As already mentioned, they do not directly attack the other 
organs but the latter undergo partial atrophy through inadequate nutrition. 
The gonads become more or less reduced in size, and the oocytes degenerate 
in their follicles. There is no evidence that the females are ever fertile, 
but the males are known to be capable of producing spermatozoa, and 
parasitized examples of both sexes of Andrena have been taken in copula. 

Much less information is available with regard to the stylopization of 
Homoptera. The phenomenon is known among the Jassidae, and various 
members of the Fulgoroidea : according to Perkins (1905) either njmjlphal 
or adult hosts may produce mature parasites, which protrude through the 
tergal, sternal, or pleural regions of the abdomen. Elenchus is a partite 
of the Fulgorid genus Liburnia in England. 

Hitherto, there has been every reason to regard Strepsiptera as being 
exclusively parasites. Exceptions to this generalization have recently 
come to light from the researches of Parker (1933) and of Silvestri (1933) 
with reference to the genera Eoxenos and Mengenilla respectively, both of 
which occur in Southern Europe. The females show no adaptation to 
parasitic life and are only known in the free-living condition, unassociated 
with any host. The head and thorax are distinct, without trace of the usual 
intimate fusion, while the antennae, legs and eyes are present in a functional 
condition. The males show t5q)ical Strepsipterous characters and the 
larvae are triungulins which show evident differences in the two sexes. In 
Mengenilla both sexes pass through a pupal instair. Little is known of the 
biology of these remarkable forms ; in Eoxenos the vauious phases have 
been found beneath stones. 

Classification. — ^The Strepsiptera are divisible into six principal 
families aind a generad accoimt of the order, with a full bibliography, is given 
by Ulrich (1927). About sixteen species are known from Great Britain. 

1 {4). — ^Tarsi of male 5-jointed with paired claws. 

2 (3). — ^Antennae of male 7-jointed with 3rd and 4II1 joints pro- 

duced into flabellate lobes ; female unknown. Mengea, 

Triozocera. mbngeids 

3 (2). — ^Antennae of male 6-jointed with 3rd to 5th joints produced 

into flabellate lobes : female free-living. Eoxenos, 

Mengmitta. hbngeniluda 

4 (i). — ^Male with 4 tarsal joints or fewer and no claws. 

5. — Female with 12 or more genital tubes : male unknown. 

Stxchotrema. stichotreuatidsi 

6. — ^Taxsi of male 4-jointed : 4 or 5 genital tubes. Stylops, 

Xenos, XEMiiDjE 

7. — ^Tarsi of male 3-jointed : female with 2 genital tubes. 

Haliclophagus, Pentozocera. hauctophacida 

8. — Tarsi of male 2-jointed: female with 3 genital tubes. 

Elenchus. ELENCHms 
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Order 21. HYMENOPTERA (Ants, Bees, Wasps, Ichneumon 

Flies, etc.) 

I NSECTS WITH TWO PAIRS OF MEMBRANOUS WINGS, OFTEN WITH THE 
VENATION GREATLY REDUCED, OR ALMOST ABSENT ; THE HIND-WINGS 
SMALLER THAN THE FORE PAIR AND INTERLOCKED WITH THE LATTER BY 
MEANS OP CHITINOUS HOOKLETS. MOUTH-PARTS PRIMARILY ADAPTED! FOR 
BITING AND OFTEN FOR LAPPING OR SUCKING ALSO. THE ABDOMEN USula.LY 
BASALLY CONSTRICTED AND ITS FIRST SEGMENT FUSED WITH THE META- 
THORAX ; AN OVIPOSITOR ALWAYS PRESENT AND MODIFIED FOR SAWING, 
PIERCING, OR STINGING. METAMORPHOSIS COMPLETE ; LARVA GENERALLY 
APODOUS WITH A MORE OR LESS WELL DEVELOPED HEAD, MORE RARELY 
ERUCIFORM WITH LOCOMOTORY APPENDAGES, TRACHEAL SYSTEM PERI- 
PNEUSTIC THROUGHOUT LIFE, OR AT LEAST IN THE FINAL INSTAR. PUPA! 
EXARATE AND A COCOON GENERALLY PRESENT. 

This order is one of enormous extent comprising probably about 60,000 
described species and many thousands of forms still await discovery. If 
the Hymenoptera be judged by their intelligence, as betrayed by their 
actions, they must be regarded as including the highest members of their 
class. Structurally the majority of their species have attained an ad- 
vanced degree of specialization which is only surpassed by the Diptera. 
In certain species of the order the individuals have acquired the habit of 
living together in great societies, as in the case of the ants, wasps of the 
family Vespidae and bees of the families Bombidae and Apidae. A large 
proportion of the members of these societies have undergone structural 
changes, in some cases slight, in others more pronounced, so that they 
constitute a separate caste or type of individual known as the worker. 
These worker forms are imperfect females whose power of reproduction is 
either in abeyance or usually limited to the laymg of male-producing eggs. 
Their functions include those of nest-building, feeding and .tending the 
brood and the defence of the colony. The normal reproduction of the 
species in the social Hymenoptera is either performed, as in certain wasps, 
by all the female members of a colony or more usually by a single individual 
d[ large size known as the queen. The sole function nf the males is that of 
impregnating the females, an act which often comparatively few succeed 
in consummating. 

Indications of what, in the higher Hymenoptera, constitutes social 
behaviour are found among solitary wasps and bees (vide Wheeler, 1928)' 
tims, Verhoefi observed tl^t the female Halidus puidncinctus constructs 
a number of cells associated with a common entrance tunnel in the ground. 

cells resemble a rude comb and, after being provisioned and closed, 
ate guarded by the parent who may even survive until the adults emerge, 
^tary bees and wasps practise " mass provisioning '’--i.e. th^ store 
' their cdls with sufficient food to satigfy their developing ofisprhig and 
tApse tiiem down before the eggs hatch. There are, however, species wblcli 
. if 
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Mlitlkejr larm {R»n time to C* progressive provisio&tg % thus 
beodming fcq[i»doted •vAik their otEsining. Anu^ tropical VespidB of the 
soh-tamilia Ro;^diuue and Epiponinae primitive ty^ of social life are 
evident. They live in perennial colonies, containing numerous fecundated 
female, and their offspring are reared by pro^ssive provisioning. Workers 
are either absent, or but slightly differentiated, and numerically weak. 
Such colonies, when fully developed, often emit swarms consisting of fecun- 
dated females — sometimes accompanied by workers. This polyg3moos 
state is possibly more primitive than what obtains among the Vespidas of 
temperate zones, whose colonies are monogynous and dominated by a 
single fecundated female or queen : such colonies are seasonal only and 
the worker caste is clearly differentiated. The Bombidae are the most 
primitive among social bees. They construct no true comb, their cdls 
resembling those of solitary bees ; their young are fed at first by mass 
provisioning, but the cells are opened later periodically to feed the older 
larvae. In temperate regions their colonies are monogynous and only last 
for a season. Among the Apidae the colonies are perennial and monogjmot;^, 
giving off swarms. Melipona and Trigona practise mass provisioning and 
close their cells : they are, in fact, the only social Hymenoptera where there 
is complete absence of contact between paurent and brood ; in many caises 
the three castes are all reared in identical cells on a similar diet. In Apis 
the cells are open throughout larval development : the castes are reared 
in differentiated cells and quecn-produemg larvae arc fed on a specialized 
diet. Among ants the castes exhibit their maximum differentiation : the 
larvae are reared in clusters, there being no cells, and there is a more intimate 
acquaintance between the workers and the brood than in other social 
Hymenoptera. 

The phenomenon termed by Wheeler trophaUaxis, or the mutual ex- 
change of food between imagines and their larvae, is of general significance 
among those social Hymenoptera which adopt progressive provisioning. 
Among the Vespidae the larvae, either before or after feedmg, exude saliva 
which is eagerly imbibed by the attendant imagines. Ant larvae also pro- 
duce secretion highly acceptable to their nurses. In some species it is 
saliva, in others an exudation of the integument, while in the Pseudomja- 
minae it is a product of special papillae or appendages known as exudatoria. 

It appeaurs that an avidity for these larval secretions, rather than maternal 
solicitude, initiates and sustains the bond between social Hymenoptera and 
their brood. TrophaUaxis is also evident aimong termites : and it further 
acxounts for the relations which both ants and termites have acquired with 
alien insects and other arthropods (vide Wheeler 1923), Among bees the 
phenomenon seems wanting : possibly the storing of pollen and honey, 
which can readily be obtained, has rendered the exploitation of larval 
secretions unnecessary. 

Hymenoptera are also remarkable on account of the highly evolved 
condition wUch parasitism has reached in the order, and it has been in^ 
pendently acquired ammig species belonging to very diverse superfamilies 
The Symphyta are essentially phytophagous, nevertheless Oryssus is parasitic 
id its larval stage, but its habits have been very little studied. Among the 
Apocrita, about one half the known species of Cynipoidea are parasites, and 
tl& same hahit occurs in the whole of the Ichneumonoidea and Proctotr^- 
poidea, and in almost aU the Chalcidoidea. Associated with parasitism is 
tlui idumomenon of polyembryony (vide p. it>4} which is known to occur in 
I d the Chalcidoidea and Ftoctotrypoidea. 4 ^ong the aculeate 
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families ttue parasitism is much rarer and, in the majority of cases of this 
kind, their larvae devour the provisions accumulated by the host for its own 
progeny. This involves the destruction of the latter but it is not parasitism 
in the strict sense. For a general discussion of parasitism in its different 
phases, and the more important literature thereon, reference should be made 
to papers by Wheeler (1919) and Brues (1921). 

The effects of h3m[ienopterous parasites upon their hosts vary in different 
cases. Certain of the Chalcid parasites of doccidae are bivoltine. One 
generation attacks the young hosts who fail to reach maturity and succumb 
to the parasitism. The following generation of parasites attacks the 
hosts and, in this case, the females of the latter are usually able to lay some 
or even all their ova prior to being overcome by the parasites. Wheeler 
has shown that the ectoparasite Ora&ema produces abortion, or malforma- 
tion, of certain parts in the ants which it attacks, and none of the latter 
become imagines. Certain of the Dr5nnidae are known to parasitize nymphal 
Homoptera and may modify or otherwise inhibit the development 4f the 
secondary sexual characters of their hosts. Lists of parasites and ‘their 
hosts are given in the catalogues of Dalla Torre (1892-02), de Gaulle (1898) 
and of Leonard! and Boselli (1922, 1928). In so far as the hosts are British 
species, the papers of Morley on the parasites of Coccidae {Entom. 42 and 43) 
and other Hemiptera {Zoologist, 1909) are useful, also the papers by Elliott 
and Morley {Trans. Ent. Soc. 1907, 1911) on those of the Coleoptera. 

Parthenogenesis (vide also p. 163) is more frequent among Hymenoptera 
than in any other order of the animal kingdom, and this method of repro- 
duction is prevalent in a number of widely separated families. In many 
it is not an occasional phenomenon, but plays an important part in the 
continuity of the species, and may aJso be accompanied by an alternation 
of generations. The best known instance of parthenogenesis is found in 
the honey bee, in which unfertilized eggs, whether laid by the queens or by 
fertile workers, produce males and the same applies to Vespa. Among ants 
parthenogenesis has been less thoroughly investigated, and it has been 
claimed that the unfertilized eggs similarly only give rise to males, but 
Reichenbach, Donisthorpe and others have shown that the workers are 
capable of laying unfertilized eggs which develop into other workers. In 
the C3mipidae both sexes may be produced parthenogenetically and the 
generations, which arise in this way, alternate with those produced by the 
sexual method. In other species hetcrogeny is absent, and females are 
produced parthenogenetically generation after generation ; in some cases 
males are absent and in others rare. Among the Tenthredinidae partheno- 
genesis is also prevalent ; in certain species only males arise from the un- 
fertilized eggs, in others only females, or both males and females may be 
produced. In some Chalcidoidea parthenogenesis is. the usual method of 
reproduction as in Aphdinvs mytilaspidis and Harmohta grandis, in which 
examples males are very rare. Many other parasitic Hymenoptera are 
capable of both sexual and parthenogenetic reproduction and, in these 
ouses, the latter process generally gives rise to males. 


General Structure of the Imago 

The general structure of the Hymenoptera has been weU invwtigated 
in comparatively few types. The work of Snodgrass (1925) on the anatomy 
of tte honey bee will serve as an introduction to the general morphology 
of the order. For the Fonnicoidea the numerous papers hy Janet should 
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be constilted : for the Ichneumonoidea Seurat's study (1899) of Dorydn 
is important, and for the Chalddoidea Grandi (1929) has investigated the 
structure of Blastophaga with great completeness. 

A. EXTERNAL ANATOMY 

THE HEAD is free from the thorax and often extremely mobile. It varies 
considerably in form and, as a rule, the long axis is the longitudinal one. 
The cranial capsule is very completely consolidated but both clypeus and 
labrum are usually distinct ; the epipharsmx is well developed and trilobed 
in the higher forms, the median lobe being pointed and projecting. Acute- 
ness of vision is a characteristic of the order and the compound eyes are 
therefore almost always large ; in the male they arc sometimes strongly 
convergent or holoptic. In certain species of ants belonging to the genera 
Dorylus and Eciton the eyes have atrophied, and in other species of the 
latter genus, they are reduced to a single facet on either side. Three oc^i 
are commonly present but, in some cases, they are aborted, as in the Bem- 
becidae and in the workers of many of the ants. The miennte are extremely 
variable in character in the Symphyta and among the parasitic families 
of the Apocrita. As a rule, they are longer in the males than in the females, 
and frequently exhibit pronounced sexual dimorphism. The latter feature 
attains its greatest development among the Protoctrypoidea and Chalci- 
doidea, where these organs in the male may be either filiform, clavate, 
pectinate, branched or vcrticillate. The number of joints present is sin- 
gularly inconstant in the lower superfamilies : thus among the Ichneu- 
monidae, for example, it may be as low as 14, or as high as 70. In the sawfly 
Hylotoma there are only three joints, and four are present in some of the 
ants. In the Sphecoidea, Vespoidea and Apoidea the number for the most 
part is fixed, there being usually 13 joints in the males and 12 in the females. 

THE MOUTH-PARTS exhibit a wide range of differentiation from the 
generalized biting, orthopterous type found among the S3miphyta to the 
highly modified sucking type of Apis, Eughssa and other bees. Mandibles 
are universally present throughout the order but, except in the predaceous 
members of the Tenthredinidae, their principal fimction is industrial rather 
than trophic. They are used to enable the imagines to cut their way through 
the walls of their hosts in the case of the parasitic superfamilies, while among 
the Sphecoidea, Vespoidea and Apoidea their principal functions are the 
gathering of material and nest-building. If the mouth-parts of Nematus, 
or other typical sawfly (Fig. 524), be examined it will be observed that well- 
developed dentate mandibles are present ; the complete number of parts 
are evident in the maxillae, and tjficir palpi are 6- jointed. In the labium 
both mentum and submentum are well developed, the labial palpi are 4- 
jointed, and the ligula appears deeply cleft into three nearly equal lobes — 
a median glossa and lateral paraglossae. Among the Apocrita this same 
type of mouth-parts is retained in the parasitic groups, but it has imder- 
gone a variable amount of specialization. The labial and maxillary palpi 
usually exhibit a reduction in the number of their joints, particularly in 
the Chalddoidea. The maxillae are frequently single-lobed, and ^e ligula 
is commonly formed by the broadened glossa, the paraglossae being either 
vestigial or absent. In the higher superfamilies, the glossa becomes in- 
creasingly prominent, in conformity with the habit of feeding upon and 
collecting nectar. This organ becomes progressively lengthened, the 
associated mouth-parts become attenuated accordingly, and the result of 
these modifications is the formation of a proboscis. The latter organ is 
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W adaption whidt is necessaiy in older to extract the Juices frota the 

deeply seated nectaries of inany floiivers. 

It is possible to trace the evdution 
of the proboscis in different gen^ of 
the Apoidea, from the simple condition 
found in the Colletidae and Prosopidft, 
up to the highly specialized apparatus 
seen in Apis, Euglossa, etc. In 
two previously mentioned families tike 
glossa is extremely short and broad 
with a bifid extremity ; the labial palpi 
are non-sheathing and 4-jointed, and 
the maxillary palpi are 6-jointed. In 
Andrena the glossa, although still 
short, is acuminate, while in PaHwgus 
and Nomada it is appreciably length- 
ened, as are also the labial palp! and 
the maxillary lobes In MeleciA the 
first two joints of the labial palpi en- 
shcath the greatly drawn out glossa, 
and the maxillary palpi are reduced to 
In Pstthyrus and Botnbus the glossa is still further 
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h, hypopharynx , other lettenngr as in Fig .424 


small 4-jomted organ 
elongated, and the 
maxillary palpi are 
represented by m- 
conspicuous 2- 
jomted organs, while 
in Apis they have 
undergone further 
degeneration and 
are in the form of 
minute smgle-jointed 
papillae. In Antho- 
phora the glossa is 
longer than in any 
other British bees, 
but the two pairs of 
palpi are not special- 
ized to a correspond- 
ingly high degree. 

In tile tropical £«• 
glossa the maxillary 
palpi are smgle 
jointed, the labial 
palpi 2-jointed and 
the glossa attains i 
length exceedm^ 
tl^t of the whol( 
insect. 

In Figs. 524, 52« 
and 526 the mouth 

parts of a saw-fly, Vespa and Apis are represented. In the case of the 
ntnt, mentioned type the essent^y biting nature of theii component 



Fig 525 -Mouth-parts of Vs8p\ qbruanica (worker) 
ONE Maxula is shown extendfd and the other in 

ITS NATURAI POSITION 

c caido , dpiphary&x » g, galea , gi, glossa , I, lacinla , Ip, labial palp > 
labrum, m, meotam, m^, tubmentum , md, mandible, mp, maxillary palp> 
P. paraglossa . a. stipes 


ms mmsL^ARn 

ptrIM kt wWeot. fa Vt$pM orgaB$ are adia|ite4 both for l^tiog ^umI 
mastkatioa) and licking. Ibe maxOlae are comparatively little m^ed; 
the oardines and stipites are well developed, and the palpi are ^-joiated. 
Ihe lacim are reduced to small scales, while the galae assume the form of 
broad a-jointed membranous lobes. The labium is composed of a large 
shidd-shaped mentum, the ligula is represented by the curious elongated 
paraglossa and a wide bilobcd glossa, while the palpi are slender 4-jointed 
organs. In Apis the mouth-parts are highly modified to form a proboscis 
ai^ the glossa has become a sucking organ. The chief basal plate or 
stipes of the maxilla represents, morphologically, the combined stipes 
and palpifer ; at its proximal end the stipes is articulated with the stalk- 
like cardo, and near its apex on the outer border, is a minute peg-like maxil- 
lary palp. Articulating with the distal extremity of the stipes is a large 
blade-like lobe or galea ; a re- - ^ # 

duced lacinia is present though / 

often overlooked. In the labium, \ ^ « # jp 

the large strongly chitinized basal \ /lA m t 0 & 

plate is the mentum, and the \ ||'*‘ ^ M 

latter articulates distally with a M ff /W 

small triangular sclerite or sub- A / M M /» 

mentum. The base of the latter | y ||.|f i Iff 

is supported by a flexible trans- [ ] /jk\ 

verse band the hrum (lora of / // 1 

some authors) whose extremities I / |,|j / // / 

are attached to the distal ends of jM /\ I // 

the cardines. The labial palpi ^ OakeA 1 /l/V ^ 
are conspicuous 4-jointed organs, pm \ 

each being carried by a basal 
palpiger. The elongate central 'r lA; 

organ of the proboscis is the B 1 / 

glossa (often erroneously termed 1 I \ t x 5 

the hypopharynx, lingua 01 | 1 ^ 

ligula), and at the base of the \j C 

latter are two small concealed ^ I P 0 ^ 

lobes or paragons. The glossa 5.0 -Mouih-parxs op bbes 

is inVSStcd with long hEirS End Ei a PposoP%s nghl maxiiu and B, labium (ventral) Apti, 

its anex is a <;noon-^’ha'nf»f 1 C, mouth p ms (vcntnl) D, uos»s section of same when feeds 

apex to a. binail spoon snapeo ^ rtabellum, h »orum, pge,poit^A pm premeatum; 

lobe the labeUum or bouton, ^ postmcnlum other lettering as m rig 525 


The side walls of the glossa are inclined downwards and inwards, until they 
almost meet along the mid-ventral line, and thereby form the boundaries 
of a central cavity. Embedded in the roof of the latter is a longitudinal 
rod whi^ is grooved along its entire length, and this groove is converted 
into an imperfect tube by means of two rows of hairs which converge from 
its margins. The dorsal rod is flexible and becomes continuous basally 
with the ventral supporting plate of the ligula. The lining of the cavity 
of the glossa and its rod can be evaginated through the cleft, a process 
which admits of the deansing of the parts in question. In transverse sections, 
the space between the outer and inner walls of the glossa is seen to contain 
blood and is in communication with the head cavity. The complete exten* 
don of the organ is due to blood pressure. Its retraction is partly due tc 
the release of that pressure, and partly to the contraction of musdes inserted 
i^o the base of the dorsal rod. The latter, when drawn backwards shorteoi 
the j^os» which, as Snodgrass remarks, become bushy just as does a squiitd’i 
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tail R one attempts to poll out the bone at the base. When at rest, the 
mouth-parts are folded down beneath the head a^inst the stipites and 
mentum. During feeding they are straightened out with the two modified 
proximal joints of the labial palpi dosely applied to the glossa, and partly 
embraced by the ensheathing laciniae. The glossa is very active while food 
is being imbibed : not only is the whole ligula alternately retracted into and 
protruded from the base of the mention, but the glossa itsdf alters its 
length in the manner just described. The liquid food ascends by means 
of capillary action in the central channel of the glossa, and the effect of the 
diortening of the latter organ is to squeeze the nectar backwards, until it 
enters the space between the paraglossse, and so on into the mouth. Its 
passage onwards is probably ensured by means of a sucking action exerted 
by the pharynx. For a detailed investigation of the structure and mode 
of action of the proboscis, and its musculature, reference should be made to 



Fig. 527. — I, SisMx, Lateral aspi ct of Thorax II, Am meliifem, Lateral aspect 
OF Thorax III, Dorsal Aspect of Same 

A|, At, xst and 2nd abdonunal segments , AL axilla , C, coxa , EP, epimeron , k S, qiistemum , MT, metanotum , 
P, pleuron , PN, pronotum , scutum , SL, scutellum , SP, spiracle , T, tegula (Pio and meta-tborax are Imed, meso 
ttaonz and abdomen are left plain) 

the memoir by Wolff {Nova Acta Ksl , Leop -Carol Akad., 66, 1875) and to 
that of Snodgrass (1925) ; the anatomy of this organ in different genera of 
bees is descnbed by Saunders (X890) and DemoU (1908). 

THE THORAX of Hymenoptera (Fig. 527) is prmcipally characterized by 
the fusion of the first abdominal segment with the metathorax, and its 
complete incorporation in the latter region— a change which is brought 
about during the prepupa. The transferred abdomind segment is termed 
the propodeum which was first described by Latrielle as the " median seg- 
ment." Among the Symphyta the latter is still evidently part of tlie 
abdomen and has undergone but little specialization. In the Apocrita it 
has become transferred to the thorax and fused up with the metapostnotum 
and metapleura. Its existence in all cases, however, may be ascertained 
by the fact that it bears the first pair of abdominal spiracles. The study of 
the thorax in the order, as a whole, indicates that a progressive series of 
modifications has taken place in the higher forms (vide Snodgrass, zgno). 
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tiM pumokm is dismembered from fhe body of the pcothorax and attached 
to fhe front of the mesothorax. The sternum and pleura ate fused to form 
the propecUts, which supports the head and carries the anterior pair of legs. 
The mesonotum is completely divided by a membranous transverse suture 
into an anterior plate or scutoprescutum, and a posterior plate or scutdiUm. 
In the Chalcidoidea (Fig. 528), and other of the parasitic forms, the sides 
of the mesoscutum are separately demarcated as parapside$, and similarly 
the lateral walls of the mesoscutellum may be separately developed to form 
sclerites which are often termed axilUe. Teguls are very generally present 
throughout the order. The meso-postnoUm and its phragma are cnTirB^lf>d 
through beii^ invaginated within the cavity of the thorax : the phragma is 
often extensive, and may extend backwards into the base of the abdomen 
as in Aphelinus and other Chalcids. The metanotum is reduced to a ginglA 
transverse plate carrying the hind-wings, 
while the metapostnotum, in all the higher 
members of the order, is indistinguisliably 
merged into the front margin of the pro- 
podeum. 

THE WINGS. No insects have deviated 
so far from the primitive venational type 
as the Hymenoptera, and even the most 
generalized members of the order are highly 
specialized as regards the wing veins. 

Great difficulties confront any attempt to 
determine their homologies and, as Com- 
stock has pointed out, the courses of the 
tracheae do not afford a reliable clue m this 
respect. An examination of the young 
pupae of the honey bee also reveads the fact 
that the venation is already foreshadowed 
before the tracheae develop, aind that the 
latter are formed after the vein cavities are 
laid down. We have, therefore, to depend 
very largely upon comparative studies 
witto the order and also with members of 
related orders. A dominant feature is the 
extensive fusion of the principal veins and 
the tendency of their branches to aissume 
a transverse course, aind also to become coalesced from the wing-margin 
inwards. This venational specialization in Hymenoptera renders the 
Comstock-Needham system of nomenclature very difficult to interpret, 
in many cases, by the general student. It has, therefore, been deemed 
desirable to offer an alternative terminology (that largely used by Cresson : 
Figs. 531, 532) which also affords greater facilities for reference and has 
been adopted in the keys to the families. Owing to multiplicity of systems 
that have been brought forward, and the want of agreement in the ter- 
minology used, reference should be made to a paper by Rohwer and Gahan 
(1916) which provides a key to the greatly involved s3monymy of vein- 
cell-nomenclature. In so far as the S3anph3dai are concerned, the venation 
has received a good deal of attention from MacGillivray (1906) but the 
Apocrita have not be»x studied with similar thoroughness. In the saw- 
fly PatnphiUus and in Sincidae (Figs. 529, 530) the venation is more 
gJBueralized than in most other members of the order but, even in these cases. 



Fig 528 — Dorsal Aspect of the 
Thorax of a Chalcid { Pario * 

TJtrFJt&J8 fABIOJt)* 

MPt mesophragma » PA, paraoudei, 
PS, pobtscutellum of mesothorax Other 
lettering as m Fig 527 Afttr Grandi, 
Boll Lab Zool PortM, 14, 1921 
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Of tte forked veins are gwafly imodilM. ^lec^intion by tedncflott and 

fi^n 18 evident throughout the Apocrita. 



1 Flo. 529.— Rigbt Wings of a Sawfly {Paupbiuos) with thb Veins LstterebI' 

After Comstock “ Wings of Insects.** 

These features attain their maximum development among certain of 
the Evaniidae and in the Chalcidoidea, where there is a solitary compound 
,vdn, running near the costa of the fore-wing, and the hind-wing is veinless ; 



Fws. 530. — ^A. Right Wings of 5/eez wm and B. Aub mtiurMMd. k, haHou, 

t PlatygasteridsB both pairs of wings are devoid of veins. Threm^out 
“H)<ader the wings of each side are held together hy a row of h 6 (^ or 
■*^1 ^emg tile costal margins of the hind pair : these hewdes catdh to 






Afitr Robwar, BM. aa, ComecHatt Gtal. Md NaL Hist. Survey. 

side^be?ome kJterlSS°*^ margin of the fore-wing, so that the wings of a 
• - ■ Among the Chalcids the hamuli are reduced to 




a localized group of 
two or three hooks and, 
m the Myrnaridae, the 
latter may be totally 
J'^ting. Apterous 
fotilis are a common 
feature in the order, 
a*id are the rule among 
the workers of all 
specif ci ants, and 
occasionally also among 
the males of these in- 
®pcts and of many 
Joijnnidse. Wingless 
^ present in 

^^^,^Wlid^ and Myrmosidae, in which families the maW 

^ wa^jed. Similarly apt^ons female occur frequently in the 
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Proctottypoidea and in certain of the Idineiunonidie and Braconid«. 
Apterous members of both sexes of the same species are rare but are 
known, for example, in the Diapriid Pla^ischus, and in certain mem* 
bers of the Ichneumonid sub-family Cryptinse. 

THE LEGS exhibit various modifications : in all the parasitic groups, 
excepting the Pelecinidae, the trochanters are commonly 2-jomted. In 
many forms, the spur or calcar at the apex of the fore-tibia is knife-like in 
character, and fits against a semicircukur emargination of the basal joint 
of the tarsus. This cavity is beset with fine comb-like teeth, and the 
antennae are repeatedly passed through the apparatus, which functions as 
a preening organ. The Sphecoidea, and the majority of the Vespoidea, 
are often termed the " Fossores,” and their legs are adapted for di ggin g 
and running, or for nest-building. In the Apoidea, the legs are compar- 
atively simple in certain primitive genera but, in the higher forms, the 
posterior pair is adapted for pollen-canying. TTie posterior tibia is ,imore 
or less dilated and margined with long hairs, being thus modified to iifnn a 
corbicula or pollen basket. The metatarsus is flattened on its inner asWt, 
and provided with several rows of short stiff spines which form a brum or 
scopa by means of the latter the bee gathers the pollen adhermg to the 
hairs of its body. When a sufficient quantity has accumulated on the 
brushes, it is scraped off over the edge of the hind-tibia of the opposite side 
and stored in the pollen basket. As a rule the tarsi of H}mienoptera are 
5-jointed, and an empodium is present between the claws. 

THE ABDOMEN is restricted p%siologically to the rcgion which commences 
with the second segment, the first abdominal segment being the propodeum 
already referred to. The number of segments that can be identified in the 
imago varies very greatly : the maximum number of nine can be distin- 
guished in the Tenthredinidse, while among the Chrysididae it is difficult to 
make out more than four. As a rule, in the higher groups, there are six 
exposed segments in the females and seven or eight in the males. In the 
S3miphyta the first abdominal (second actual) segment is always unmodified 
and forms a broad base of attachment. In the Apocrita this region is wholly 
or partially constricted to form a narrow neck-like zone, which is termed 
the petiole or pedicel. In the honey bee the latter is so short as to be only 
visible when the abdomen is deflexed. Almost every transition can be 
found between this condition and the extremely attenuated bristle-likc 
petiole of Sphex, Sceliphron and other genera. 

* THE OVIPOSITOR (Fig. 533) is a very highly developed organ which is 
modified in different groups for sawing, boring, piercing or stinging but, in 
aU cases, it exhibits a fundamental similarity of structure. Its general 
anatomical features are well exhibited in the hive bee and have been fully 
investigated by Kraej^lin, Cheshire, Snodgrass and others. Morpholo- 
gically, the ovipositor is composed of three pairs of gonapophyses, which 
have been shown by Zander to arise from a similar number of abdominal 
processes in the larva— one pair on the eighth segment and two pairs on 
the ninth segment. Those belonging to the first pair develop into the 
Stylets, the middle pair on the ninth segment fuse to form the stylet-^eatb, 
and the outer pair give rise to the palp-like processes. The actual sting or 
Wtdtra is a hoUow organ formed of t^ee pieces bounding a central canal 
The dorsal part or stylei-eheath has three functions : (a) to form the wound , 

9 1 to serve as the dorsal wall for the poison canal ; and (c) to hold the stylets 
tepsition. The stylet-sheath (SH) expands at its base to form tlie bulb 
sting (B) and the latter is prolonged inwards as a pair of diverging 
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armft (SffA). The sfytets or lancets (S) are each grooved along their entire 
length, and along the sheath are two guide-rails, whidb fit accurate^ into 
the stylet-grooves (Fig. 533). By means of this anangemrait, the stylets 
are maintained in position and are permitted of no other than an up and 
down movement. The apices of the stylets and their sheath are provided 
with forwardly directed barbs. At their bases, the stylets diverge into a 
pair of arms closely associated with those of their sheath by means of a 
prolongation of the groove and rail device. Associated with the sting are 
three pairs of plates : the innermost or posterior pair is termed the iimer 
or oblong plates (OP), which represent the 
divided ninth sternum and, attached to 
each, is the basal arm of the stylet-sheath of 
its side. Distally, the oblong plates carry a 
pair of palp-like appendages (SP). TTxe two 
triangular or fukral plates {TP) represent, 
accordmg to Zander, the reduced sternum 
of the eighth segment and to each is 
attached the corresponding arm of a stylet. 

At its dorsal and posterior angle, the trian- 
gular plate is articulated with a large outer 
or quadrate plate {QP) and, at its ventral 
angle, with the oblong plate of its side. The 
quadrate plates represent part of the ninth 
sternum, the median portion of the latter 
region being probably seen in a membran- 
ous lobe (S9.) which overlies the bulb of 
the sting. 

The three pairs of plates already 
described function as levers, and powerful 
muscles are attached thereto. By means 
of the rotation of the fulcra! and oblong 
plates, the sheath and its stylets are driven 
through the tissues of the victim when 
stinging takes place. The secretions of the 
two types of glands intermingle, and the 
fluid then finds its way down the canal 
formed by the sheath and the stylets, thus 
entering the wound made by the former. 

The structure of the ovipositor in certain 
Chalcidoidea has been shown by Imms 
(19x8) to be essentially similar to that 
already described in the case of the honey 
bee, and in the Braconid Doryefes Seurat 
(1899) found the same type of mechanism. In the S5nnphyta the 
stylets are adapted for sawing or boring and the sheaths remain separate 
and unfused. 



Fig 53^ — Diagram of the Stimq 

(VENTRAL VIEW) OF THE HiVE 
BtE WITH ADJACENT ScLERXTES 
OP THE LEFT SIDE * ON THE RIGHT 
SIDE BELOW IS A TRANSVERSE 
SECTION OF THE TEREBRA. 

alkalme gland, PC, poison canal , PS, 
poison sac , for other lettering vide pp 53^*35* 


Two sets of poison glands are found associated with the ovipositor, and 
are best developed when the latter organ is modified into a sting (Figs. 534, 
537)' A pair of filiform add glands open, either separately or by means of 
a common duct, into a large poison-sac. Their secretion has an acid reaction 
and, in certain ants, contains formic acid. The poison-sac discharges feto 
the anterior end of the bulb of the sting and, situated dose to its openi^, 
hk the apotuxe of an unpaired alkaline gland, so called from the alka l ine 
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iitMtIon yivm its aecnstifttiu txjiiei^maixiM ««MlacMi ti^ 6 ( 69 X>} 
iadittate that the iaU stinging propatiea are effected hy a mhrttm m 
secretions of the two typi» of §^ds. This observer found certain 
Dipteca die almost instantly when stung by the hive bee : the satna species 
inoculated with the secretion of either kind of gland alone did not succUmb 
lor a considerable time, while a successive inoculation of the same individual 
first with the secretion from one gland, and then with tlut from the other, 
resulted in death in a much shorter time than in the case of an individual 
which had been inoculated from either gland alone. According to :^rdas 
(1897), in the Ichneumonidae the acid gland consists of numerous filiform 
tub^, and an accessory poison gland is present m those same insects and 
also in the Crabronidae. 



B. INTERNAL ANATOMY 

THE ALIMENTARY CANAL (Fig. 535) is of a tolerably uniform chaikctCT 
throughout the order and presents but few nobble 
deviations in its morphology (vide Bordas, i894)l\ In 
ants there is am infra-buccal chamber below the floQ^ of 
the mouth : it takes the form of a spheroidal sac 
and opens into the mouth cavity by means of a short 
narrow canal. According to Wheeler (1910), this 
chamber is used by the ant as a receptacle for the fine 
particles of solid and viscous food, rasped off or 
licked up by the tongue. Any juices that may be 
contained in this nutriment are sucked back into the 
pharynx, and the solid residue thrown out as a pellet, 
which retams the form of the chamber in wluch it 
was moulded. The mouth-cavity leads into the 
pharynx, which is an organ of suction, and is moved 
by powerful dilator muscles. The oesophagus is a 
long narrow tube, especially in forms with an elon- 
gate petiole, but is relatively short in Apis and 
Vespa. Among the Aculeata the oesophagus dilates 
in the anterior portion of the abdomen into a thin- 
walled crop or honey-stomach. The latter is lined with 
a chitinous membrane and its walls contain muscle 
fibres : it serves as a reservoir for the liquid that 
has been imbibed, regurgitating it when required 
In the repletes, or honey ants, the crop is remarlmbly distensible and, 
^nhen full, largely determmes the shape of the gaster. The crop is sue- 
itiSeded by the proventriculus, which is a very characteristic part of the 

e t in Hymenoptera and forms the neck-like region between the crop and 
le stomach. In Apis it is invaginated into the posterior wall of the crop, 
and has a X-shaped aperture provided with four triangular lips. The 
^losterior opening of the proventriculus into the stomach is guarded by a 
iWe!l«developed valve. The function of the proventriculus, and its method 
iff iKCtion, have given rise to discussion : it apparently serves to pump food 
'%roin the crop mto the stomach and, when closed, to prevent its regurgi- 
The stomach or ventriculm is the largest part of the aUmentary 
in Apis and Vespa, and is bent into a U‘Sha|^ loop. In the Cn 
4fQnid8e, Sphegidee, Formicoidea and the Parasitica it is reduced to a small 
'i|fiiiatical chamber. In the female of Doryctes, which lives but a sfaorttime 
;li|Ug(| takes no nemrishment, its anterior portion has undergone atre^y 
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food te b (tf a lUitoM and n 

^structu«sd«scribedl>ySnodSii 
(X9X0) in Apts is of a difier^t nature, and consists of a matrix of secretion, 
in which are embedded a number of dismembered secretory cells, the whcde 
mass separating from the underlying epithekum, and contracting around 
the food which it surrounds as a membrane. In most Hymenoptera, the 
tleutit is a short simple tube but, m Apis, its length is much mcreased, and 
this region of the gut is 
looped upon itself. The 
reeium forms an enlarged 
terminal chamber, and its 
walls are furnished with 
three rectal papillae in 
ants, four in Doryctes and 
SIX in Apis and most 
other Hymenoptera. 
little is known of the 
ph3reiology of the diges- 
tive system but a contri- 
bution to the subject has 
been made by Pavlovsky 
and Zann [Quart. Journ. 

Mtc. Set , 1922) 

The Malpighian tubes 
are extremely variable in 
number and, in the Acu- 
leata, they vary from 100 
to 125 m the Vespidae, 
from 20 or 30 in Mega- 
chile and its dlies , and 
from 6 to 20 among ants 
Tbey all open separately 
mto the ileum, and are 
often disposed m groups. 

Thus,m Bombus and Apis 
there are about zoo of 
these tubuh and, m the 
former genus, they are 
MTanged m four bundles , 
in the Chrysididas there 
are about 40 Malpighian 
tubes arranged in three 
bundles ; and in the 
Eumemdse they number 
from 40 to 70, which are 
disposed in two groups. Among the Parasitica, these organs are often 
much less numerous : in Blastophaga they number from 8 to 14 (GrandQ, 
in Boryctes 9, in the Ichneumomdse there are generally from 50 to 60, 
and in the Tenthredimdae 20 to 25. Among hymenopterous larvae there 
are four Malpighian tubes in Apis and the Formicoidea,but in mostol 
the parasitic families there is only a single pair of these organs. 

SAtiVASv GLANDS (vide Bordas, 1894, etc.) are well developed in the 
twa end consist of two pairs— one situated in the head and the other in the 



Fig 535 —Alimentary Canal op Worker Bss, 
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thorax (Figs. 535. 536). Their four ducts unite to form a common canal 
whidi opens on the hypopharynx. The cephalk sdUvary glatuk (post- 
cerebral glands of Bordas ; system No. 2 of Cheshire) lie against ^ pos- 
terior wall of the head. The thoracic saUvary glands (system No. 3 of 
Cheshire) correspond with the ordinary salivary glands of most other insects. 
The contents of each gland are discharged mto a reservoir, whose duct 
unites with its fellow to form the main salivary duct which, also, receives 
those of the cephalic glands. In the drones and queen there is a mass of 
gland cells situated just above the ocelli. These are the post-ocellar glands 
of Bordas but, accordmg to Snodgrass, they are detached lobes of the 
cephalic glands. In addition to the foregoing, there is a pair of large lateral 
pharyngeal glands (supracerebral glands of Bordas , system No. i of Cheshire) 
which are regarded by many authorities as being the source of the ro37al 
jeUy, which is fed to the larval and adult queens and drones by the workers. 
Each is in the form of a long coiled chain of follicles packed away In the 
antero-dorsal region of the head , these glands are absent in the droi^ie and 

rudimentary in the queen. 
Opemng into the floor of the 
pharynx, between the ducts 
of the lateral pharyngeal 
glands, is a transverse row 
of cells which forms the 
ventral pharyngeal gland of 
Snodgrass (subhngual gland 
of Bordas). A sac-like man- 
dibular gland opens at the 
inner angle of each jaw : its 
function has not been ascer 
tabled, but it is larger in the 
queen than in the worker, 
and poorly developed in the 
drone. A second or internal 
mandibular gland has been 
desenbed by Bordas in the 
worker of Apis, and also 
found in Bombus and Vespa ; it is a delicate racemose mass , opening near 
the posterior inner edge of the mandible. 

THE HEART is wcU developed, and is usually composed of four or five 
chambers, with a correspondmg number of pans of alary muscles. In 
Apis the chambers are situated m the third to sixth abdominal segments 
and, in ants, m the fourth to eighth segments. The heart is continued 
forwards as the aorta which, in the bee, is folded mto about eighteen loops 
in the region of the petiole. In the latter insect both dorsal and ventral 
diaphragms are well developed. 

THE MUSCULAR SYSTEM has been principally worked out in ants ; it is 
one of great complexity and the reader is referred to articles by Janet, 
Imbbock, Berlese and others. In the dealated queens, among ants, the 
wbw muscles are broken down by phagocytes, which take up and convert 
theur substance, and somewhat later discharge it m the form of fat and 
albuminoid globules mto the blood. In this manner the histolysis of the 
muscles pro^des nutrient material which contributes to the growth of the 
<fgs (Janet). 

THE NERVOUS SYSTEM.— The brain has been studied among the highef 



Fig. 536 —Pharyngeal Plate (S) and associated 
Glands of A, Worklr and B, Drone of Hive 
Bee. 

tCL, base of lateral pharyngeal gland, 4GL, ventral pharyngeal 
gland. After Snodgrass, he ett 
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members of the order and more especially by von Alten (xgxo). Jfonescti 
(1909), Kenyon (1896), Tliompson (1913) and Viallanes (1886). It is piin* 
cipally characteriaed by the high degree of differentiation of the mushrocnn 
bodies and their rented fibre-tracts. In ants, for example, there is con- 
siderable variation in their developmrat, not only among different species, 
but also in different castes of the same species. According to Viallanes, 
the highest t3rpe of brain is found in Vespa where the calyces are complexly 
folded. 

The ventral nerve cord is considerably less specialized than in the cydor- 
rhaphous Diptera. According to Brandt (1879) the most generalized 
condition is exhibited in the Tenthredinoidca where there are three thoracic 
and nine a.bdominal ganglia. Among the Apocrita the majority of the 
species similarly possess three thoracic ganglia, but among the Crabronidae 
and Apoidea there are only two thoracic centres. The first is the prothoracic 
ganglion and the second is a complex formed by the fusion of the meos- 
and meta-thoracic and one, or more, of the abdominal ganglia. The second 
thoracic centre innervates the 2nd and 3rd pairs of legs, the wings, propo- 
deum, and first abdominal segment. Six abdominal centres are present in 
many Ichneumonoidea and Formicoidea, also in AmtnophUa, Cerceris, 
Odynerus, and others. In most other Apocrita there are fewer abdominal 
ganglia, and the latter may be reduced to two centres as in the C3nrupid 
Dryophanta folii (L.) Forst., or to a single centre, as in certain Chalcids. 
In the females of many Aculeata the last two abdominal ganglia are more 
or less fused: thus in Mutilla europea and Megachile there are five such 
ganglia in the latter sex and four in the male. In Bombus the worker and 
female have six ganglia and the male five. In the worker of the hive bee 
there are five ganglia, while the female as well as the male has but four. 
In Vespa the worker similarly has five ganglia, but the male and female 
are exceptional in having six. In Blastophaga there are two abdominal 
centres in the female, while in the male they are fused into a common mass 
(Grand!) . 

THE MALE REPRODUCTIVE SYSTEM. — ^The testes are separate in the 
Symphyta and also in Apis and Bombus, According to Bordas (1894) they 
are in close contact in Vespa and fused together in other Hymenoptera 
studied by him. Each testis is enclosed in a double membrane and may 
consist of 250-300 seminiferous tubuli as, in Vespa, Bombus and Aph ; 
these tubuli are much less numerous in ants, and are usually reduced to 
three in other Hymenoptera. The vasa deferentia enlarge to form vesiculse 
seminales which are usually cylindrical or sac-like in form. In Vespa and 
Apis they are particularly voluminous, while they are tubular and con- 
voluted in Atkalia, Cimbex, and Bomhus. The two ejaculatory canals, 
which leave the vesiculae, receive the ducts of a pair of accessory glands. 
The latter are large and sac-like in almost all members of the order. In 
Apis the ejaculatory canals are rudimentary, and the accessory glands 
open into the common ejaculatory duct. 

THE FEMALE REPRODUCTIVE SYSTEM (Fig. 537 ). The ovaries are com- 
posed of polytrophic ovarioles ; in Apis the latter are very numerous but 
their number is inconstant. In Blastophaga the ovarioles are very atten- 
uated and closely packed together ; accor^g to Grand! there are 130-182 
to eadi ovary. In Cimbex there are usually 20-30 ovarioles in each ovary ; 
in Aphtdinus there are five, while in other Chalcids and in the Ichneumon- 
oidea there are conomonly four. In Doryctes, however, each ovaoy is greatfy 
developed and conrists of a pair of ovarioles ; in AphUius the lattw 
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mfums a&ls the number vartee. In limamt geaeta. and iqpecies, betwW Mi 
two (Leptothorax emersoni) and about 250 (Eciton sehm^ t In thewurfci^. 
however, the number is very much lower, there is often a single ovariole 
to each ovary and rarely there are as many as twelve. The two oviducts 
unite to form the vagina and, in Apis, the latter is dilated posteriorly as the 
bursa copulatrix. A median spermatheca is generally present together 
with a pair of colleterial glands : the latter may open into a median reservoir 

as in Citnbex (Severin) or into the 
duct of the spermatheca as in Apis, 

Metamorphoses 

THE EGG 

The eggs of H3menoptera are 
usually ovoid or sausageihaped 
and, in the parasitic groupa ttey 
are frequently provided with a 
pedicel. The latter structure^ may 
arise from either pole of the\ egg 
(Adler) and is of very general occur- 
rence among the C3mipoidea. In 
the gall-forming species of the latter 
group it may be five or six times 
the length of the egg itself. Stalked 
eggs are also found among the Chal- 
cidoidea and Proctotrypoidea : in 
Blastophaga the pedicel may measure 
more than twice the length of the 
egg. In the majority of cases the 
function of this appendage is ob- 
—reproductito Organs scure, but in Blastothrix it protrudes 

OF Queen urf. through the body-wall of the host, 

X, mu gland and a, its duet, s, alkaline dand, , and functions as a kind of respira- 
,‘’”o!^ef»&ar’ ii, sto tory funnel, which enables the newly 

hatched larva to breathe the out- 
side air (vide Imms, 1918). In 
Schedius kuvants the eggs are deposited within those of the gipsy moth, 
with their pedicels protruding to the exterior (Howard and Fiske), and it is 
probable that the latter organs fulfil a similar function in this instance 
also. A reduced pedicel is found in other Chalcids as well as in certain of 
the Ichneumonoidea ; it is met urith both in the case of eggs which are laid 
externally to their hosts, and in those which are laid wittto the latter. 

THE LARVA 



A ts^ical hymenopterous larvae is composed of a well-developed head, 
three thoracic and usually nine or ten abdominal segments. With few 
exceptions the tracheal system is peripneustic or holopneustic, either 
ttvoughout life or in the later instars. Among the Symphyta the head is 
utrongly chitinixed and there are powerful biting mouth-parts. Three pairs 
,/el thorack; limbs and six or eight pairs of abdominal feet are generally 
'ixesent Such Uurvae feed iiqion plant tissues, and are peripneustie or bolo' 
throughout life, with nine or ten pairs XMSVff whicr 



Among the 

thtt’lwcv* tie a|)odoiis : evauesorat thoracic ai^>eiidagee axe pres^, }M!in|ir» 
evae> iii Miteo^, and a dngle pair is found in urvse of the Hatygasteridiit 
and in these instances they are probably modified survivals of true app ea dr 
As a general rule, the larvae of the Apocrita (Fig. 538) are maggot^ 
lOce in form ; the head is less strongly chitinized than in the Symph3rta« 
and in the parasitic forms it is often greatly reduced and sunk into the 
prothorax. Deg^eration of the organs of special sense is very evident 
and« in most cases, the larvae are sluggish and move but little. These 
features are associated with the fact that their possessors live in darkness, 
and are supplied with an abundance of 
nutriment in their immediate vicinity, there 
being no necessity to seek for it. Definite 
ocelli are wanting, and the antennae are 
reduced to short sensory processes, small 
papillae, or may be atrophied. The man- 
dibles may be either dentate, sickle-shaped 
or simple pointed spines with broad flattened 
bases. The labrum, maxillae and labium 
are fleshy lobes, and the two last-mentioned 
(X'gans exhibit little or no differentiation 
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h, head ; s, spiracles. From Nelaon. 


into separate sclerites. Both the maxillary Fig. 538.— Larva of a Bee? 

and labial palpi are usually represented , , , bnlaroed. 

by small papillae or are totally wanting. >»“ »•!««• 

In almost all the larvae of the Apocrita the stomach is a blind sac and does not 
communicate with the hind intestine until the final mstar, the faecal contents 


only being evacuated at the conclusion of the krval stage. Well-developed 
salivary glands axe present, often of considerable length, and the gan^a 
of the ventral nerve cord are often imdifferentiated. In the Aculeata the 


tracheal system is holopneustic throughout life and generally ten pairs of 
spiracles are present. In the Paralitica the respiratory system undergoes 
profound modifications in correlation with vauying modes of life (vide 
Seurat 1890). Thus, aunong the ectoparasitic species (Fig. 539) the l^at 
are hatched with a peripneustic tracheal S3^tem but the full number of 



S39.— -il^IXV-OROWN I.ARVA OF AS ECTOFARASITIC ICHNEUMON, PjMtLA POtSHeH' f. 
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'I’VV'. '' *1 spiracktt. 

is not always acquired until later in life. The typical number ioif 
pairs but they are not alwaj^ borne on the same segnimtn- 
' ^^iSiiferent species. The Chadcid Apheiinus hais eight paurs of sinradeS. a^ 
-(^'■•Iclmenmon Pimpla pomorum has ten paiirs. In the pFoctoti3?pid' 
the larva is hatdied with two pairs and there aure seven psurs & 
Ainoog the endoparasitic fobns young larv* am 
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commonly apueostte* but this condition is rasely retahiod thnMijg^iuHst Sfe. 
In tiio apneustic condition the cuticle is extremely thin und admits of tihe 
intmchange oi gases by means of diffusion. At this stage the larva is hasno' 
diagous but it subsequently becomes carnivorous, devouring the various 
internal orga^ of its host. When it assumes this mode of life, a certain 
number of spiracles open on the surface of the body, and in the fina-l inata^f 
there are usually nine pairs present (vide Thorpe, 1932). 

Hypermetamorphosis occurs among many of the Parasitica and pyatTipit«>s 
of this type of development are known in five of the major divisions of the 
order (vide Richardson, 1913). At least ten distinct primary larval forms 
are known in addition to the usual larval type already descnbed. Any 
attempt at the classification of these forms at present can only be a tentative 

one pending the growth of more 
detailed knowledge. The princi* 
pal t3q)es of primary larvs^ are as 
follows (Figs. 540, 541) k) The 
PLANIDIOM (Fig. 540) IS an Uctive 
larva mvestedwith strongly\chiti- 
nized imbricated segmcntad plates 
and provided with spinc-likeloco- 
motory processes. It devdops 
from an egg which is laid away 
from the host and is a migratory 
form adapted to seek out the 
latter. This type is known in the 
Chalcid genera Orasema, Perilam- 
pus, Leucospis and, m a modified 
form, in Spalangia. (2) The 
CAUDATE TYPE IS well exlubited 
in certam Ichneumonidse, Bracon- 
idae, and m a few of the Chala* 
doidea, notably Encyrius aphidi- 
vorus. It IS somewhat vermiform 
m shape with a caudal outgrowth 
of varuble length (vide also p. 
571). (3) The CYCLOPOID OR 

NAUPLIIFORM TYPE OCCUrs m 
Fw. 540. — ^Planidium or PMaiiAuroa. certam of the Proctotrypoidea 

s Smith, o s Bur Bni ^ jg characterized by the large 
swollen cephalothorax, very large 
dclde-like mandibles and a pair of bifurcate caudal processes of vari- 
able form. In its general facies it bears a resemblance to the nauphus 
of Crustacea. (4) The teleaform type is found in certain other Ptoc- 
totrypoidea and in several of the Chalcidoidea ; it derives its name 
from the primary larva of TeUas. The cephalic extremity is prominently 
hooked or curved; posteriorly the body is prolonged into a caudal 
process, and the trunk is armed with one or more girdles of sets 
Apparmtly modified examples of this larval type have been described by 
McCoUoch in Eumicrosoma and by Silvestri in the Chalcids PoropoM and 
AfUphoiiea. (5) The vesicle-bearing type occurs in Apantel^ and 
ificrogaster and is characterized by the proctodmum being everted to fonn 
a swoUen anal vesicle. (6) The eucoiuforii type is known in the 
it differs from the teleaform type in possessing three pain of Ions 
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thonwic apiMaadana, and in the absence of the c^balic {Hocess and the 
girdles of sete. {7) The nr>LYi>O0 Ttra, with 8 to 12 pairs of trunk append- 
ages. occurs in Ibalta, the Biaconid Microdus and in Phanoserpfm: in 
EucoUa and allies it folloA\rs the protopod stage. The subsequent staga 
in development in those species in which hypermetamoiphosis occurs 

exhibits wide variation ; thus 



the second larval instar of 
Teleas is of the cyclopoid tjq»e, 
but the final instar in all cases 
is the ovoid maggot-like type 
of larva characteristic of &e 
Apocrita. 

The presence of a trophic 
membrane or trophamnion 
(Fig. 542) enclosing the em- 
bryo in certain endoparasitic 
Hymenoptera, has been already 
alluded to (p. 176). It Im 


A B 



Fig 542 — CuAUia (Su/citd czavipm, 
A, Egg with Embryo surrounded 
BY Irophamnion B, Young Larva 

AND DISINTEGRATED XROPHAMNIOH. 

After Henueguy “ Les Insectes * 

been found in diverse species, 
compribmg members of each of 
the main parasitic groups, but 
is evidently not homologous in 
all cases, and very different 
methods of formation have been 
described. This membrane is 
believed to play an important 


Fiis — pbimary Larv/e ot v*»»nitR PARASITIC part ui the nutrition of the 

Hymrnoptera. embrv< 


A . eucoiliform (Eucotla) , after Keilm and Pluvmel cycles 
(ImAoctf) after Marcbal C, Ulaaiotm {1 eleoi), after Ayers 
taudate (Mesoch 0 rus)t after Seurat £, vesicle bearing {Mu 

All liJLi... /•.A 


THE PUPA 


In the Apocrita the pre- 
pupa is well defined and is intermediate in its characters between the 
larva and pupa (Fig. 205). The prothoracic segment is distended by 
the developing pupal head, the wings and legs have assumed the form 
of those of the pupa, and it is in this stage that the first abdominal 
segment or propodeum becomes incorporated with the thorax. After the 
final larval moult, the prepupa passes into the pupa and the latter is of 
the exarate type, in which the wings and apj^ndages axe free and not 
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soldered to the surface of the body (Fig. soa). With the exception of the 
Cjmipidse and Chalddoidea a cocoon, thou^ often slight, is Of general 
occurrence in the order. In many Tenthredinoidea it is pardhiment- 
Uke ; in others it is formed of agglutinated soil particles ; while in Cimbex 
the cocoon is formed of an outer and inner coat, and attains a higher degree 
of development than in other H)unenoptera. In many of the Aculeata the 
cocoon is little more than a silken lining to the larval cell, and in some of 
the ants it is totally wanting. Among the Braconidae dense masses of 
silken cocoons are often formed by the members of a species which issue 
from a single individual host. 

Classification of Hymenoptera 

The H3mienoptera are divisible into the sub-orders S5unphyla and 
Apocrita. It has long been customary and convenient to separate the 
Apocrita into two main divisions, viz. the Aculeata or stinging forms and 
the Parasitica (Terebrantia), which are parasites of other insects. It i^not, 
however, easy to find clear distinctions between these divisions, bub the 
trochanters are typically i-jointed in the Aculeata and most usually 2-jointed 
in the Parasitica. Biologically, the two divisions intergrade since a number 
of the Parasitica are plant feeders, while some Aculeata are parasites. In 
the Aculeate families Sapygidae, Dryinida; and Chrysididae, the ovipositor 
retains its egg-laying function as in the Parasitica : in the other Aculeates, 
the ovipositor is converted into a sting and the egg-passage opens to the 
exterior at its base. The Aculeata fall very naturally into two great series, 
the Vespiformia and the Spheciforraia. The former include the Vespoidea, 
or true wasps and their allies, together with the Formicoidea or ants. The 
Spheciformia comprise those solitary wasps which form the superfamily 
Sphecoidea, together with the Apoidea or bees. Structurally the Vespi- 
formia are characterized by the lateral extensions of the pronotum reaching 
the tegulae, whereas in the Spheciformia the sides of the pronotum form 
well-rounded lobes that are remote from the tegulae. 

The standard works on European Hymenoptera are those of Andrd (1879, 
etc.) and Schmiedeknecht (1930) : for a synonymic catalogue of the species 
of the world vide Dalla Torre (1892-1902). 

Sub-order I. SYMPHYTA 
(Phytophaga, Sessiliventres or Chalastogastra). 

ABDOMEN BROADLY SESSILE WITH NO MARKED CONSTRICTION AT ITS 
BASE ; TROCHANTERS 2-JOINTED. LARViE WITH THORACIC AND GENERALLY 
ABDOMINAL FEET,'^ 

This sub-order includes the tenthredinoidea and orys.soidea (p. 565). 

Sub-order II. APOCRITA 
(Heterophaga, Petiolata or Qistogastra). 

ABDOMEN NEVER BROADLY SESSILE, SEPARATED FROM THORAX BY A 
DEEP CONSTRICTION OR A PETIOLE : TROCHANTERS I- OR 2-JOINTED. LABV.E 
APOD0S. 

I (to).— Hypopygium entire, closely united with pygidium: 
ovipositor issuing from apex of abdomen. 

* (9).— Trochanters i-jomted. 

— ■ ■ ' 


^ Except in Oryssus^ 


SYMPHYTA 

j cdctendliig back to tegulae or latter absent, 

(Vespif omnia.) 

4 (5)*— Petiole with one or two nodes. 

5 {4). — ^Petiole simple. 

6 (3)* — ^Pfonotum not extending back to tcgulae. (Spheci- 

formia.) 

7 (8). — Hind tarsi slender; pubescence simple. 


FORMICOIDEA* 

(p- 585) 

VESPOIDEA* ‘ 

(p 595) 


7 (5). — Jtlind tarsi slender; pubescence simple. sphecoidea* 

(p. 602) 

8 (7)* — Hind tarsi dilated or thickened : pubescence of head apoioka* 

and thorax feathery or plumose. (p. 605) 

9 (2).— -Trochanters 2- jointed. prociotrypo 


(p» 605) 

PROCIOTRYPOIDEA * 

(p. 582) 


10 (1).— Hypopygiiim divided, or not closely united with 

pygidium : ovipositor issuing some distance before 
apex of abdomen. 

11 (14). — Pronotum extending back to tcgul«p : antennae 

not elbowed : trochanters 1- or 2-jointed. 

12 (13). — Fore- wings without a stigma : trochanters usually cynipoidea 

i-jointed. (p. 579) 

13 (12). — Fore-wings with a stigma : trochanters 2-jointed. ichneumonoidea 

(P- 570) 

14 (ii). — ^Pronotum not extending back to tegultC : antennae chau idoidea 

elbowed : trochanters 2-jointed. (p. 573) 

Superfamilies indicated * form the division Aculeata — ^the remainder constitute the 
Parasitica. 

Sub-order 1 . SYMPHYTA 


Included in this division are all the more primitive members of the 
Hymenoptera which are recognized by the broadly sessile abdomen and 
the fact that its first segment is only partially amalgamated with the thorax. 
The imagines do not exliibit the highly specialized habits and instincts so 
prevalent among the Apocrita and the ovipositor is adapted for sawing or 
boring : except in Oryssus parasitism is wanting. The larvae (vide Yuasa, 
1922) have a well developed head and 13 trunk segments : three pairs of 
thoracic legs and frequently 6 or more pairs of abdominal limbs are present. 
The tarsus and claw of each thoracic leg are fused into a single piece while 
the abdominal limbs are devoid of crochets. A single pair of ocelli is present 
and the maxillary and labial palpi arc usually 4- and 3-jointed respectively. 
Spiracles are always present on the prothorax and first eight abdominal seg- 
ments : metathoracic spiracles are also present in the Cephidae, and in Sirex 
and Tremex, but are vestigial or wanting in the larvae of other Symphyta. 

The Symphyta are divisible into two superfamilies and eight families 
as given below. 

1 (2). — ^Antennae inserted below the clypeus and eyes, and 

beneath a frontal ridge : propodcum not divided. Oryssoidea 
With a single family oryssid-«. (p. 569) 

2 (i). — Antennae inserted above the clypeus : propodeum Tenthredlnoldea 

medianly divided. (p. 5 ^) 

3 (6). — ^Anterior tibial spurs single : prothorax large. 

4 (5)* — Pronotum truncated behind : middle lobe of meso- 

notum not reaching scutellum ; ovipositor very cephid« ’ 
short. (p. 5^) 

5 (4) ‘“Pronotum strongly curved or emarginate behind ; 

middle lohQ of mesonotum reaching scutellum ; sxricid^ 
ovipositor long and powerful. (p. 5^6) 


* In many Chrysididae and some BethyUd® the pronotum does not extend back 
to the tegulae. In toe Trigonalidae the trochanters are 2-jointed. 

* In ton Pelecinidae toe trochanters are i-jointed. 


566 HYMENOPTERA 

6 (3). — ^Anterior tibial spurs two. 

7 (8). — Radial cell in fore-wing divided by cross-vein: 3rd xyelioa 

antennal joint longer than following joints together. (p. 568) 

8 (7). — Radial cell not divided by cross-vein : 3rd antennal 

joint not longer than the following joints together. 

9 (ro). — Hind margin of pronotum straight or nearly so : fore- pamphiliida 

wing with subcostal vein distinct. (p. 568) 

10 (9). — ^Hind margin of pronotum deeply cmarginate : fore- 

wing with subcostal vein absent or vestigial. 

11 (12). — Antennae clubbed: abdomen with separate pleural cimbtcid-® 

sclentes. (p. 568) 

12 (ii). — ^Antennae not clubbed : abdomen without separate tenthredinid^ 

pleural sclerites. (p. 568) 

A, Superfamily Tenthredinoidea 

FAM. CEPHIDi^ (Stem Saw-flies). — ^The Cephidae are a small family of slender, 
narrow-bodied insects with a thin integument (Fig. 543). The prothorax is icxcep- 
tionally large and movably articulated with the following segment. They are biostly 
black or darkly coloured, either with or without narrow yellow bands. In length 

they seldom measure! more 
than 18 mm. and are usually 
smaller. The larvap bor^ into 
the stems and shoots of 
various plants and are apo- 
dous, with the exception of 
three pairs of reduced tuber- 
cle-like thoracic limbs. They 
are also characteiized by the 
vestigial ocelli, the well de- 
veloped metathoracic spir- 
acles and the presence of 
\estigial sub-anal appendages. 
The abdomen terminates m a 
small retractile point or spine 
winch arises from a fleshy 
protuberance on the last seg- 
ment, above the anus. The 
Fig. 543. — Cepbos occiDEHTAua, pupae arc usually enclosed in 

A, larva ; B, female ; C, larval gallery in grasvstem Aftn Marlatt, transparent COCOOns witllin 
US. Dept. AgfK. the stems of the food-plant 

For an enumeration of the 
larval characters in diJfferent genera vide Middleton (Proc Ent. Soc. Washington 19, 
1917). Less than a dozen species occur in the British Isles, the best known being 
Cephus pygniaus L., the Wheat-stem Borer. Although destructive in many parts 
of Europe, and introduced into N, Ameiica, it is rarely injurious in Britain. The 
eggs of this species are laid in the stem of the wheat plant, and the larva bores its way 
upwards through the latter, ultimately weakening it below the ear : for an account 
of its biology and parasites see Salt {Bull. PM. Res. 1931). Janus {Phyllescus) 
flaviventns Fitch lays its eggs in the centre of the pith of the shoots of currants and 
its larvae bore through the stems : its metamorphoses are figured by Marlatt (/wa. 
Life, 7). 

FAM. SIRICIDiE (Uroceridse : Wood- wasps or Horn-tails). — ^A family ot 
large-sized insects with conspicuous coloration, being often black and yellow or 
metallic blue. The abdomen usually terminates in a spine or horn, which is short anti 
triangular in the males and lanceolate in the females. The ovipositor is exceedingly 
strong and, when at rest, projects backwards in the horizontal plane, and has the 
appearance of a powerful sting. This instrument is used for boring and drilling, 
and not for sawing as in the Tenthredinidae. Holes are made through the bark into 
the new wood of various forest and shade trees and a single egg is deposited in each 
hole. The larvae on hatching burrow into the heart wood and often cause considerable 
damage. Pupation takes place in the larval gallery and a cocoon of silk and gnawed 
wood is constructed. The larva has a tolerably large head and three pairs of reduced 
(boracic limbs : the last trunk segment terminates in a horny process which aids m 
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locotnotioti. The best known species in the British Isles is Sireif gigas which lives in 
Coniferae, and its life-history appears seldom to occupy less than two years. It usually 
only attacks trees which have passed their full vigour and axe not perfectly healthy, 
but sound felled trees are sometimes selected. The metallic blue S. (Paururus) noctilio 
F. is also not infrequently met with, but it is difficult to say whether either species is 
truly indigenous. For further information on the British species of the genus, see 
Chrystal (Bull. Ent. Res. 19, 1927). In the allied genus Tremex the larva aficcts 
broad-leaved trees in N. America. Xiphidria differs from Sirex and its allies in the 
absence of the spine from the apex of the abdomen : its larvae burrow in the wood of 
Alnus» Salix, etc., and two species occur (rarely) in Britain (vide Chrystal and Skinner, 
Scot. Forest. Journ. 1932). The genera of the family have been monographed by 
Konow (Gen. Insectorum 28), 

The next four families were formerly grouped into a single family, the Tenthredin- 
idae (sensu lat.), and their species are known as saw-flies since the females are provided 
with a saw-like ovipositor. The antennae are, perhaps, more variable in character 
than in any other family of insects, and often exhibit marked sexual differences. 
The most frequent number of joints is nine, but in Hylotoma there are only three, 
while in Pawphilius Latr. (Lyda F.) their number may exceed 40. In Ciwbex and 
its allies the antennae are clavate, in Lophyrus they arc deej)ly pectinated in the males, 
and the third joint in the male is bifurcate and shaped like a tuning-fork. Two 
curious organs known as cenchri are situated one on each side of the middle of the 
mesothorax ; they are pale coloured membranous areas whose function does not 
appear to have been ascertained. Saw-flies are usually to be obtained by shaking 
the foliage of bushes and trees ; many frequent flowers and some are carnivorous, 
preying upon small Coleoptera and Diptera. Great variation exists as to the pro- 
portion of individuals of the sexes and in only a few species are the males as numerous 
as the females. Cameron has shown that in one-third of the British species males are 
unknown. Parthenogenesis occurs somewhat extensively in this family and in some 
species males, in others females, and in a third group individuals of both sexes are 
produced from unfertilized eggs. Thus in Nematus (Pteromis) ribesii only males have 
been reared from the unfertilized eggs. The impregnated females give rise to indi- 
viduals of both sexes, but females predominate. In Creesus varu^ and Paecilosoma 
luteoluni the parthenogcnetic eggs produce females, and there is no indubitable case 
of males arising in this manner. For further information on the subject of partheno- 
genesis in this family vide Enslin (1914). 

The eggs are usually laid in young shoots or in leaves and the saw, or cutting 
instrument, of the ovipositor is toothed in various ways in conformity with the nature 
of the oviposition. Its serrations arc large and stout in species which lay their eggs 
in woody twigs ; very fine in those which oviposit in leaf -tissue ; or scarcely evident 
at all in Newatt^s nbei>ii, which simply attaches its eggs each by means of a small 
flange into a minute slit on the underside of a leaf. In most species, during oviposition 
the blades of the ovipositor move alternately, one being thrust forward while the other 
is withdrawn, until an incision or pocket of the required depth is formed. In struc- 
ture the ovipositor differs from that of the Aiiocrita since the two valves forming the 
stylet-sheath remain separate but closely opposed, although not fused. Both the 
stylets and their sheath are more or less complexly serrated towards their apices 
while the 3rd pair of valves (outer gonapophyses of 9th segment) serve to protect 
the whole terebra. The larvae are termed caterpillars and often bear a close general 
resemblance to those of the I.-epidoptera, They are exclusively phytophagous in 
habit and affect almost all orders of Phanerogamia and certain of the Filices. Trees 
and bushes, however, support a larger number of species than herbaceous plants. 
The larvae (Yuasa 1922) exhibit much diversity of habit and a large number m 
nocturnal feeders : many are solitary while others are gregarious. The vast majority 
live exposed, but some live internally in stems, fruit or galls and a certain number 
are leaf-miners. Many closely simulate their environment and are cryptically col- 
oured, while others are very conspicuous with bright colours. In numerous species 
the larvae are covered with a whitish powdery exudation : in Caliroa they are slug- 
like and the body is obscured by a darkly coloured slime or exudation and some 
species of Blennocampa are invested with bifurcate spines. The body-segments of 
saw-fly larvae are usually subdivided, by means of transverse folds, into annulets 
whose number appears to be constant for each species (Fig. 544). Three pairs of 
thoracic limbs are present and almost all species carry abdominal feet also. Unlike 
those of the Lepidoptera there are usually more than five pairs of the latter organs 
and they are devoid of crochets. The number of these appendages varies among 
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Fio. 544. — Larva of NMMATtfi mibmsij, 

St spiracles. Afttr MacGillivray, Caii. Enim. 45. 

a^^anal appendages which are wanting in other families. In many cases tlie larvae 
ii^t secretions which are produced by special glands. The latter in Cimbicids 
0|^ just above the 2nd to 8th abdominal spiracles and in some instances eje^ a jet 
Of spray. Caliroa has a pair of ventral digit>like glands opening between thf h^d 
i^id prothorax : many larvae are provided with glands resembling osmeteria, ^hich 
open by means of a slit-like aperture on the sternum of each of the first 7 abddbunal 
, segments. Pupation^ as a rule« takes place in an elongate-oval silken cocoon which 
jpay or may not be mixed with soil particles ; in other cases an earthen cell is 
instructed. 

FAM* XYELIDi®. — This family has the most generalized venation among Hymem 
dpteia (Fig. 530). The larvae are also noteworthy since they retain feet on all the 

abdominal segments. The imagines 
I V- wiay be easily recognized by the 

/ 6F 1 \ greatly elongated 3rd anttoal 

/ JLs_ e \ ovipositor is moderately 

/ \ r / or very long. XyelasLiidMacroxyela 

11.— \ V / \f typical genera: the only 

V' Y7 im \ yf British species, X. julta, is a 

‘ * PAMPHILIIDiS^Tbese 

\ ^ \ SP / ^'MP are robustly-built insects with a 

*“** short ovipositor and a primitive 

'"Fid. 545- — Pambbjuub mbtatus, Larva, i, venation (Fig. 529). The larv® 

Frontal View of Head ; 2, Maxilljb and (pjg, the other hand, have 

' . Labiuh. abdominal feet : they are some- 

4Cfmi6-poxai piece of s/», spinneret (other times creKarious and often live in 

Suitt. ^ K webs or rolled leaves. Neurotoma 

and. PawpA»7*Ms are British genera: 

species are rather infrequent in occurrence. 

: FAM. CIMBICID.A. — In this family are the largest of all the saw-flies : many 
almost massiva in form, often conspicuously coloured or even metallic. They 
eat^ to recognize by means of their clubbed antenme and the ovipositor hardly 
;7eptsnds beyond the apex of the abdomen. The larvae have eight pairs of abdominal 
lili^’and the cocoons are commonly double, the outer one being of a leathery con- 
’(;^tiliacicy« Characteristic genera are Cimbex, Trichiosoma and Arge, 

TENTHREDINID./B. — ^A very large family of moderate-sized iq>ecies 
;.iii|udi comprise about 80 per cent, of all the S3rmphyta. The larvai never have more 
. eight pairs of abdominal limbs and these are located on segments z-7 10, 

^bton 2-8 and zo and rarely on 2--6 and lo. In the gaH formers the legs are commonly 
During their larval stage some spedes ate capable of causing great destruc- 
foliage and are thereby injurious. In this way Nmatus nbesU vA deSMctive 
various species of li^phytw axe injurious to {fines, LygaMntemafnr 
^iipaetimes exceedingly destructive to larch and Ca/irea cerasi L> ;Betz*) 

Jfo;{|ear> Species of several genera, notab^ Ponfanfo, form galls, paitichii^^^ 

||£| insves of Salix. Beyerinck {Botm, Zeit. 4^) has made a study cl tlie 

Ifite ^tls produced iy Pt^t^ania proMima tfjp. Unlike wliat 
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the feS li «t%ted to bo an albummous eecretiou that is injected along udth the egg 
into the tume ol the leaf, and Beyennck suggests that it contains an enzyme that 
ac^ upon the plant ceUs m such a manner as to lead to gall formation. It appears 
that* in Ws case* it is the secretion and not the presence of the egg that is the primary 
cause, since after the egg has been killed by puncturing with a line needle the gall 
continues to develop. In the case of P vtmtnahs Htg Beyennck finds that the galls 
produced by this insect fall to the ground during winter, but have the property of 
independent existence. In the sprmg they mcrease m size, develop additional chloro* 
phyU and also produce lenticels. 


B. Superfamily Oryssoidea 

FAM* ORYSSIDi^. — ^This very small family is evidently a rehc of an ancient 
group, and is distributed over most parts of the world It is represented m Bnrope 
and N Amenca by the smgle genus Oryssus and the species O abtettnu$ has occurred 
rarely in Bntam Structurally the members of this family show features belongmg 
to both the Symphyta and Apocnta The wings have a reduced venation (Fig. 546) 
quite unlike that of any Symphyta, since there are no closed submarginal cells in the 
hind-wing, while the divided anal cell of the fore-wmg is not found m any Apocnta 
In the position of the antennae, and the form and attitude of the long ovipositor when 
at rest, the family is unique among 
Hymenoptera The only known larva is 
an apodous ectoparasite of Buprestidae 
It IS descnbed by Rohwer and Cushman 

{Proc. hnt Soc, Washngton, 19, 1917)1 ^ > 

who also emphasize the unique feature® 

of the family. On account of its adult 
characters, and the form and habits ot 
the larva, they place the family in a 

separate sub-order, the Id%oga<iifa — inter- \ J 

mediate between the Symphyta and \ k aV * ^ 

Apocnta It is, however, retained here V 

m the Symphyta since the abdomen is 

broadly attached to the thorax, as in 'vgra 

dll members of the sub-order —Right Wing : of Orntn^ 

One of the best general accounts oi ^ vrrA 

the Symphyta is that of Enshn (1914) d,v,ded mai eeu, wbmvgiDd Advt> 

which contams a full bibliography from MacGiUivray 
among monographic works that of Kono v 

{Gen Inwtorum, 27, 29) is important The Bntish Symphyta are dealt with h] 


Omtbb's 


«, divided anal cell , sni, submarginal area Adapt) 
from MacGiUivray 

The Bntish Symphyta are dealt with b 


Cameron (1882-92) and a useful aid to their identification is given m the more recen 
senes of articles by Monce {EnU Month, Mag, 1903 om\ards). 


Sub-order II. APOCRITA 

Included in this sub-order are the vast majonty of Hymenoptera, all 
of which are recognizable by the abdonren being basally constricted or 
petiolate. The imagines are almost always highly speciahzed m their habits 
and are often social, living in large communities. The ovipositor is adapted 
for piercing in the Parasitica and usually for stinging in the Aculeata. The 
lan^ are apodous, and the head is generally well developed but, among 
certain of the parasitic families, it is greatly reduced The larval habits 
sxe extremely diverse. Thus many of the C3mipoidea and a few of the 
Chalddoidea are ph}rtophagous. Other of the Cynipoidea, all the Ichneu- 
monoidea, and almost all the Chalddoidea, are carnivorous, being eithar 
ccfto* or endoparasites. The Sphecoidea and Vespoidea are largely pre- 
daceous, and the Apoidea are nourished upon nectar and poU^. 

The Bntish Aculeata are described and figured in the work of Saunders 
Among the Parasitica, the C3mipoidea are dealt with by Cameron 
and the Ictoeumonoidea by Marshall (1885-99) and Mmley 
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(1903-14), but no monc^phic works exist on the remaining BritMi paia- 
dtic groups. 

The literature on the biology of the Aculeata has assumed enormous 
proportions. Among the more important works are those of Fabre (1^9- 
91), Ferton (1901-21), Friese (1922-23), G. W. and E. G. Peckham 
(1898), Roubaud (1916), Grandi (1926-31), Williams (1919), and Wheelei 
(1910). The latter authority (1923) has given an admirable annotated 
bibliography of the subject to which the reader is referred. 


Superfamily Ichneumonoidea (Fig. 547) 

ANTENNA NOT ELBOWED. PRONOTUM ALWAYS EXTENDING BACK TC 
THE TEGDLfi. TROCHANTERS 2 -JOINTED. FORE-WINGS WITH A STIGMA, 
ABDOMEN WITH THE VENTRAL SEGMENTS MOST FREQUENTLY SOFT ANE 
MEMBRANOUS AND WITH A FOLD. THE OVIPOSITOR ISSUING SOME DISTANCE 
BEFORE THE APEX OF THE ABDOMEN. 

With the possible exception of the Chalcidoidea it is the largest super- 
family of the order. At the pre- 
sent time probably les^ than 
16,000 species have been described 
but undoubtedly many times thu 
number inhabit the world. With- 
out exception all are parasites 
preying upon some stage in the 
life-history of other insects, 01 
occasionally upon other Arthro- 
poda. It will, therefore, be readilj 
appreciated that the group, as a 
whole, is of the greatest import 
ance, not only on account of the 
role which it plays in the economj 
of nature, but ^o from the fad 
that the majority of the species 
are benefic’'*’ 
classification of the superfamily vide Ashmead (1900] 
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Table of families : 

(8) — Winged forms. 

hi — ^Abdomen inserted upon the dorsum of the metathorax, evaniidae 


(2). — ^Abdomen inserted normally. 

(7). — Fore-wings with one recurrent vein or none. 

(6). — ^A narrow costal cell present. 

(5). — Costal cell obliterated. 

(4). — ^Fore-wings with two recurrent veins. 

8 (i). — ^Apterous forms. 

9 (10). — ^All the abdominal segments flexible. 

10 (9). — ^Abdominal segments not as above. 

11 (j2). — ^Abdominal segments 2 and 3 flexible. 

12 fi I ).— Abdominal segments 2 and 3 rigid and connate. 


p- 573) 

omvJE * 

p- 57a) , 


BRACOKIDJB 

(part) (p. 57*) 


ICHNBUMONIDie 


(P- 57*) 

BRACONIOiB 

(part) (p. 57 *) 


» Except in Lystognalha Ashm. which has two recurrent veins. 
• Except in Phetrsaha Cress, which has one recurrent vein. 
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FAM* CVANtlDiB^^The Buembcrs of this family are often known In Amerkia 
as Ensign flies from their curious habit of carrying the abdomen upraised. This 
region of the body is, as a rule, strongly compressed with a very slender base which is 
inserted on the dorsum of the metathorax. These insects are also distinguishable 
from alt other families (except the Stephanidae) by the presence of a distinct costal 
cell, the costal and sub-costal veins being clearly separated. Evania TIL is an egg 
parasite of the Blattidas and E, appendigaster L. is distributed in most parts of the 
world, its host being Periplaneta, Gasteruption Latr. (Fcmus F.) has been bred from 
various genera of solitary bees and wasps and its life-history has been studied by 
Hoppner {AIL Zeits.f. EnL 1904). Aulacus Jur. and its allies are parasitic upon Coleop- 
terous larvae, particularly those of the Ccrambycidae. The family has been mono- 
graphed by Kicffer {Das Tierreich, Lief. 30, 1912), and is nearly world-wide, including 
about 300 species. 

FAM. ICHNEUMONID^ (Ichneumon Flies). — ^The vast majority of these insects 
are parasites, or less frequently hyperparasites, of Lepidoplera. After the latter 
come the Hymenoptera, and more especially the family Tenthredinidae, but all groups 
including the Parasitica may be attacked. A considerable number of Ichneumonidae 
are known to utilize Coleoptera as their hosts, but Diptera are much less frequently 
selected. A still smaller number parasitize Arachnida, and a fevr attack Aphididae and 
also Hemerobius, Chrysopa and Rapkidia. Most species of the family sire probably 
seldom restricted to any individual specific host, and those so accredited are becoming 
reduced in number with increasing knowledge. Psychologically, the Ichneumons 
are among the most highly evolved of all solitary insects. The remarkable instincts 
exhibited in the discovery of their hosts and in providing for their oitspring, their 
mating habits, behaviour in captivity, etc., afford a wide field for investigation. The 
imagines are mo.st active on warm sunny days and are partial to flowers, especially 
Uml^lliferaB. Many species hibernate as adults but it appears to be the female, the 
male perishing before the advent of winter. Apterous and brachypterous forms are 
comparatively frequent in the sub-family Cryptinae, and it is often a matter of difficulty 
to discriminate them from similarly wingless Braconidae. In the Cryptinae, however, 
the abdominal segments are soft and telescopic whereas, among the Braconidae, the 
middle segments are connate and rigidly fixed. Ichneumon larvae are composed of a 
variably shaped head and usually 13 body segments. Spiracles, when present, consist 
typically of nine pairs, which are situated on the pro- or meso-thorac, and first eight 
abdominal segments. Among cndoparasitic larvae, there are frequently striking 
differences between the earlier and later instars. One of the most characteristic fea- 
tures of the newly hatched larvae of many species is the presence of a prominent caudal 
prolongation or tail. Owing to the fact that it disappears when the tracheal system 
becomes open to the exterior, this appendage has been regarded as an accessory 
respiratory organ, functional during the earlier stages of life. As Timberlake has 
remarked, there is nothing in its structure to contradict this view as it is a hollow struc- 
ture lined with hypodermal cells, and is filled with blood a greater part of the time. 
Seurat, on the other hand, ascribes to it a locomotory function. The head in the young 
larva is large, and often strongly chitinized, the segments between that region and 
the caudal appendage are sometimes greatly compressed, and the respiratory system 
is apneustic. The second instar is usually of a tran.sitional nature between the first 
and third. The tail, though greatly reduced, is still evident, and the head has also 
undergone reduction and is less strongly chitinized. In the third instar the larva 
generally becomes maggot-like, with a greatly abbreviated head, and the tail, as a 
rule, has disappeared or is vestigial. Towards the end of this stadium Timberlake 
states that, in Limnenum, the tracheal system communicates with the exterior by the 
spiracles. The number of instars present is obviously extremely difficult to determine : 
according to Cushman there are five in Thersilochus, and the same number is stated 
by Smith to be present in Calliephialtes. Ectophagous l^v» are always devoid of 
the caudal appendage, the head is well developed and chitinized, a variable growth 
of body hairs is evident, and the tracheal system is peripneustic from an early stege. 
When fully fed. Ichneumon larvae construct silken cocoons often composed of irides- 
cent strands of yellow, black or white threads, and in some cases the cocoon is sus- 
pended by means of a filament from the food-plant of the host. Some of the most 
remarkable members of the family belong to the genera Thalessa and Rhyssa whose 
larvae are ectoparasites of those of the Siricidae, The adults are notable on account of 
the great length of the ovipositor and for their specialized habits of egg-la3ring. Thalessa 
has an ovipositor which may attadn a length of six inches, with which it pierces or drills 
the wood of trees in order to reach the burrows occupied by Tremex. The English 
Bkvm ptfmoioria similarly parasitizes Sirex. and it has been recorded to leach its 
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thiough the bark and eolid wood. An intereatitig acoonnt o{ the habits 
is given by Riley {Ins. Life I). The familiar reddish-brown species of Ophion^ wie^n 
attxacted to lights, are common parasites of Noctuid larvae. Hemiiehs atei^ has 
been bred from a remarkable range of hosts comprising many Lepidoptera, vaiioiss 
flymenoptera including other Ichneumonidae, and also from several Coleoptera and 
i>&tera. Agfiotypus Walk, is an endoparasite of trichopterous larvae, and ..the 
adults have been observed to dive and swim beneath the water while seekit^g their 
host (vide Claasen. Ptoc. Ent. Soc. Wash. 1931)- Ashmead places this genus in a family 
of its own on account of the hardened abdominal sterna and the spined scutdlum. 
Among the more important life-history studies of individual species of Ichneumonidae 
the reader should consult the old though important work of Ratzeburg (voL i, 1 ^ 44 ) » 
particularly for the larval development of Anowalon ; among others, the papers of 
Cushman on Calliephialies {Joum. Agric. Res. i) and Thersilachus {Ib. 6 ), Newport 
(1855) on Paniscus, Timberlake (U. S. Bur. Ent. Tech. Ser. 19) on Limnerium/nn^ 
Imms {Ann. App. Biol. 1918) on Pimpla may be mentioned. Morley (1903-14) 
has monographed the British species, Berthoumieu (1894, etc.) those of Europe, and 
Schmiedeknecht (1902-11) has produced a general systematic treatise on the family. 

FAM. BRACONIDi® (Supplementary Ichneumon Flies). — ^These insetts are 
closely related in structure and habits to the Ichneumonidae but are readily separated 
by 3rd discoidal and 2nd apical cells in the fore-wings being confluent. Surther 

points of distinction are aiiorded 
by tlie ist cubital and i|t dis- 
coidal cells which are u|iually 
separate, whereas in the Idltineu- 
monidae they are merged' into 
one (Fig. 548). Also, with the 
exception of the sub-family 
Aphidiinae, there is no articula- 
tion between the second and third 
abdominal segments. Brac- 
onidae are easily distinguished 
from the Evaniidae and Stepha- 
nidae by the absence of the costal 
cell. With regard to their hosts 
a great variety of insects are 
selected ; the Lepidoptera are 
the most commonly parasitized, 
and more than one hundred 
examples of an individual species 
of Braconid may issue from a 
single caterpillar. Braconid 
larvs are composed of thirteen 
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Fig. 548.—- Fore-wings of A, Ah Ichneumon and 
B, A Braconid. 

After Comstock, ** Wings of InsecU.” 

body segments and, in the first instar, the head is often large and chitinized. As in the 
preceding family, the most frequent number of spiracles in the adult larva is nine 
pairs, of which the first is placed as a rule on the mesothorax, and the remamder on 
the first eight abdominal segments. The endoparasitic forms are often j^ovided 
with a caudal appendage similar to that found in Ichneumonid larvae. In ApanUies, 
MicropHHs, Microgaster, and probably in other closely allied genera, this 
is wanting, and the proctodaeum is evaginated to form a swollen anal veacle, wmcn 
has been regarded as an accessory respiratory organ. Weissenberg {Stiz. Ges. Natur 
Freunde Berlin, 1908), from the analogy of the hind-gut of other parasitic larv«, con- 
siders its most important function to be that of excretion. Pupation may owur 
; within the host as in Rhogas and Aphidius or, more usually, externally as m Apantet^ 

' ^d many other genera. The pupa is enclosed in a cocoon which, in ^ 

. ieeniis, is composed of fine threads of white, yellow, or bufi-coloured 
‘ %fHer the cocoon is of a glistening papyraceous nature. Very frequently memwrs 
;;dE, a species ^«neiging from the same host construct their cocoons in a m^, 
fluveloW by a common web. They may be closdy compacted to fcam A cate, wo 
iadividual cocoons bring regularly arranged so « to resembte 
Wology of Apontetet has been studied by many observers, notify 

(i899)VMiieaebeck (*918) and others. It is a commm tedopa^te ^ 
?i&tt«s.lamfc A. OomenOus bring an abundant enemy of Pwm, a rin^ 

.W support nsarly 150 e*ami^ men j^tare Isn^ 

tfan^ the shin <d tiie host, and construct sulphur-yefiow oocooas, 




^ $n 

cMmm pmiite <xf Pofik^m stmiu^ (Gatenby, 29x9)* Hie species of Afysh Hw 
tlneir eOisMi distinguisbed by tbe pecmliar attachment of the mandibles, the ikpkm 
of the latter being directed ontwaids and not meeting when dosed. Those Braconids 
which exhibit this cnrions feature are separated by Ashmead into a distinct family^ 
the Alydi^* Almost all their species are parasitic upon dipterous larva and the 
biology of Alysia wanducator Pans has been followed by Altson {Proc, ZooL Soc. 
X9S0). It is a common endoparasite of Calliphora, Ludlia and other Muscids ; the 
young larva has a caudal appendage, and becomes maggot-like with nine pairs of 
open spiracles in the last instar. One of the most remarkable Braconids is Sycosohr 
lavagnef which is an ectoparasite of the Scol3rtid Hypoborus ficus (vide Lichtenstein 
and Heard, 19x8) : both sexes are dimorphic, having winged and apterous forms, 
but in the male the alate forms are the commoner. 

The Aphidiinae are parasites of Aphididae, more especially of the apterous viviparous 
females and, as a general rule, only a single larval parasite develops within the body 
of an individual host. The life-history of Aphidius testaceipes, which is a common 
enemy of Toxopiera gramtnum, has been followed by Webster and Phillips (t/.S. Bur. 
Ent. hull, ixo). These observers state that the aphid may be attacked in any of its 
instars but if parasitized before the second eedysis the host fails to reach to maturity. 
On the other hand, if the Aphidius deposits its egg in an aphid which has passed the 
second eedysis the parasitism does not pre- 
vent its attaining the adult stage. If the 
aphid has passed the third eedysis before 
becoming parasitized, it is capable in all 
cases of producing a small number of 
yoang before succumbing. When about 
to pupate the Aphidius larva makes a 
ventral fissure in the body-wall of its 
host, and cements the latter down to the 
object upon which it finally rests. The 
dea4 parasitized aphids are familiar 
straw-coloured objects and each bears a 
circular hole through which the adult 
parasite issued. Species of Praon leave 
their host prior to pupation and con- 
struct for themselves a separate shelter, 
which is usually surmounted by the 
empty body of its victim (Fig. 540). 

The British species of Braconidae have ^ 

been monographed by Marshall (1885-99), and Lyle has contributed notes on their 

biology lEntom, 1914 et seq.). „ , , , , j 

FAM. STEPHANID.®. — ^The members of this small family have very slender 
antennae composed of 30 or more joints and the abdomen and the ovipositor are like- 
wise elongate. The antennae are situated far forwards near to the clypeus, the hind 
femora are usually swollen and spined beneath, and the hind-wings are most frequ^tly 
without basal cells. About 100 species have been described (vide Elliot, Proc, Zool. 
Soc, 1922} and they appear to be parasites of wood-boring insects. 



Fig. 549. — ^Cocoon of Pmaox beneath th* 
Body of its dead Host (an Aphid)* 

After Howard. 


Superfamily Chalcidoidea (Fig. 550) 

ANTENNiE ELBOWED. PRONOTUM NOT E^CTENDING BACK TO THE 
TOGUL^. TROCHANTERS 2-JOINTED. FORE-WINGS WITHOUT A STIGMA OR 
CLOSED CELLS. ABDOMINAL STERNA HARD AND CHITINIZED WITHOUT A 
FOLD : OVIPOSITOR ISSUING SOME DISTANCE BEFORE THE ANAL EXTREMIW. 

The stiperfamUy is probably the largest in the order as regar^ nnm^ 
of species and it also includes some of the smallest members of the lnseom> 
Die bidk of its species are either parasites or hj^perparaates of other uKCcts, 
«nd axe of even greater economic importance than ttose of the Ichneu- 
Qioaoidea as a naturjd means of control. Non-parasitic v^rtable-feemng 
IWnS are comprised in the families Agaonidse, Torymidae and EmytomKte ; 

Wfajority of cases they infest seeds but certain member^f the ^ 
family are gaU-producers on various Grammeae. The paiaaric 
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spedes, in «. relatively amall number of instances, are indirectly injnxiotis 
from the fact that they destroy beneficial insects such as Tachtardia lacca, 
or are hyperparasites of other insects which, in their turn, are destroyers 
of harmful species. The orders most commonly parasitized are the Lepi- 
doptera, Hemiptera-Homoptera and Diptera. Lepidoptera are more 
frequently selected than any other major group, enormous numbers of their 
eggs and larvae succumbing to infestation by various Chalcids : on the 
other hand their pupae are rarely affected. Certain Pteromalidae, however, 
prefer to oviposit in larvae just about to pupate or in newly transformed 
pupae. The Coccidae are the most universally attacked of any family of 
insects, and some species {Coccus caprete, etc.) are so freely infested that it 
is often rare to find an immime individual. In temperate regions Chalcids 
seem to pass through from one to three generations in the year — ^a higher 
number is apparently rare. One of the shortest life-cycles occurs m 
Euplectrus comstochi, which develops from the egg to the adult in seven 
days (Schwarz, Am. Nat. i88i), and an equally rapid development is found 



Fig 550 — A Typical Chai cid, Blastotmbix sbrioea. Female : magnified. 

in Trichogramma pretiosa, which has been reared from the eggs of Alet%a 
xylim (Hubbard). Chalcid larvae are composed, as a rule, of a reduced 
head and thirteen trunk segments. In the ectophagous forms open spir- 
acles are evident at the time of hatching ; thus in Aphehnus myHlasptdis 
the full number of eight pairs are present at this stage. In other cases, as 
in Torymus propinquus, a. reduced number of spiracles is present at the 
time of edosion from the egg, additional pairs being acquired subsequently 
Among endophagous species the younger larvae are usually apneustic, open 
spir acles devdoping later when the destruction of their hosts reaches an 
advanced stage. In Blasiothrix and other genera the newly hatched larva 
is exceptional in being metapneustic (Fig. 551). This condition is an 
adaptation which allows of the respiration of atmospheric air through the 
pedicel of the egg, which protrudes externally through the body-wall of the 
host and functions as a kind of respiratory tube. In Btastciphaga psenes 
the tracheal system is apneustic throughout life (Grandi). Hypermet^or- 
is common in the superfamily, and at least five types of primary 
hxvs are known, but probably other? await discovery. In the lat« imtars 
all these types assume an ovoid maggot-Uke fonn and, in the majority oi 
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specie. Ifhe' latter kind oi larva is 
do not construct any cocoons 
(except in EuphOms, see p. 578), 
and pupation usually occurs 
either within or in dose proximity 
to the remains of their hosts. 

For the classification of the 
Ghalddoidea and keys to the 
major divisions and genera vide 
Ashmea'd (1904) : a general account 
of the biology of the group is 
given by Parker (1924). Life- 
history studies of individual species 
are numerous ; in Europe a series 
of papers has been contributed by 
Silvestri {BoU. Lah. Zool. Portia) 
and a large number by other 
authors wiU be found in various 


retained throughout life. Chaidd larvae 



American journals and bulletins. 
Some of the more important of 
these papers are referred to under 
the families concerned. A mono- 
graph on the British species is 
greatly to be desired and over 
1,400 species are listed by Morley 
(1910). 


13 ' ' PC 

Fig 55 t — BiA^rornxrx ^bricsa, I, Newly- 
hatched Larva rfspiring through the 
Pedicel (P) of the Egg 

C, remain& of (honon , CU, body wall of host ; H, head ; 
S, spiracles 

11» Larva in Last Insiar 

ACf PCt anterior and posterior tracheal commissures ; 
1, 13, zst and X3th trunk segments hg, xst and 9th spir- 
acles ; SD, spiracular tracheas. 


Key to the families : 


1, Thorax greatly elevated, scutelium much enlarged eucharid^e 

and produced behind apex in a bizarre manner. (p. 577) 

2. Wings nearly veinless, with very long fringes : hind 

pair linear, very narrow and stalked at the base. 

Antennae without nng-joints, scape short. Ovi- MYMARiDjE 
positor issuing near apex of abdomen. ip. 579) 

3- Females with head oblong, marked with a broad 

longitudmal dorsal furrow. Fore- and hind-legs 
very stout, middle pair short or aborted, ovipositor 
long and prominent. Males apterous, with short 
3-9 jointed antennae. Abdomen broadly sessile, agaonid^ 
long and tubular. (p- 57 ^) 

4. Not as in i, 2 or 3. 

5 (20) -Tarsi generally 5-jointed, anterior tibial spur large : 

axillae with anterior margin straight and not 
produced in front of tegulae. 

6 (J-) -Middle legs long, with large stout tibial spurs : meso- encyrtid-® 

pleura without a femoral furrow. (p. 57^) 

7 (6) -Spurs of middle tibiae short or weak : mesopleura 

with a femoral furrow. 

8 (9) -Hind tibiae with one apical spur : ovipositor rarely pteromaud® 

long : mandibles stout with 3 or 4 apical teeth. (p. 578) 

9 (8) -Hind tibiae with two apical spurs. 
to (13) -Hind coxae very large and long. 

It (X2) -Hind coxae sharply ndged above, triangular in 

section : hind femora rau'ely mflated. Ovipositor torymid® 
usually long. (P* 577) 

tz {i2).~Hind coxae more or less cylindricad : hind femora 
much swollen amd toothed or denticulate ven- 
trally. Hind tibiae Bicuate, the taursi inserted just chalcidxd® 
before the apex. (P* 577) 








13 obxa» mot iKmpictKmMy x . 

14 (t7).««-^nro&()tQm large and quadrate dr not narrower ttiiai 

the mesonotnm. 

13 (t6)« — Abdomen rounded or ovate : 2nd tergum never ver] BtrairroiitmaK 
large ; mandibles commonly 4-dentate. (p. 577) 

x6 (is). — ^A bdomen small, triangular, mostly formed by thr perilampida 
2nd and 3rd teiga : mandibles 2-3 dentate. 

17 (1^.). — Pronotum narrower in front or transverse, rarely 
as wide as the meaonotum. 

x8 (xs»). — Mesepistemum small : femora never much dilated MiscoGASTBRjOii 

(P- 579) 

19 (z8). — ^Mesepistemum large : either the anterior, posterior clbonyixioa 

or both femora much dilated. 

20 (5). — ^Tarsi 3- to 5-jointed : axillae produced forward leve 

with or in advance of the tegulae : tibial spur 
small or weak. 

ax (22). — ^Tarsi 4- to 5- jointed : fore-wings not short and broad EULOPHXDiB 
pubescence normal (p. 578) 

22 (21:). — Tarsi 3- jointed : fore- wings short and broad, pu TRicHOGRAiwiOA 
bescence usually arranged in lines. (p- 57®) 

FAM. AGAONIDilS (Fig insects] — family which includes some of the most 
remarkable of all Chalcids both as regards their structure and biology. '|S6xua] 
dimorphism has reached a very highly specialized condition, the males bemg '^gless 
and greatly modified in other respects, bearing no resemblance to the members of the 
opposite sex. The species are caprifiers that live within the receptacles and pollinate, 
or fructify, the flowers of various species of Ficus, The number of known species and 
varieties of fig is said to reach five hundred and, in certain of these, the caprification 
phenomena are known to vary widely, and many of the insects involved are appar- 
ently confined to certain definite species of figs. The investigation of the symbiotic 
relationship between plant and insect offers, therefore, an extremely wide field for 
investigation. The best known species is Blastophaga psencs L , winch exists in a 
state of symbiosis within the fruit of Ficus canca. It is well known that, in the 
Smyrna vanety of fig, the receptacles contain only female flowers, and pollination 13 
brought about by the agency of this Chalcid On the other hand, the caprifigs, or 
varieties which contam male flowers, are the natural hosts of the Blastophaga, Cap- 
rification, or the process of hanging caprifigs m the Smyrna trees, is an old custom 
based upon the l^hef that the figs would not mature unless it were earned out. Much 
discussion has arisen with reference to whether caprification is essential or not. In 
California it is agreed that the culture of the Smyrna fig necessitates the simultaneous 
cultivation of caprifying varieties in which the Blastophaga hves. If the latter insect 
fAilff to pollinate the Smyrna figs, the fruit falls without maturing. The eggs of this 
Chalcid are laid m the ovaries of the capnfig and give nse to galls therein. The male 
imago emerges first and, on finding a gall containing a female, commences to gnaw a 
hole through the wall of the ovary and fertilizes the female while the latter is still tn 
situ (Fig. 552). The female leaves the receptacle through the opening at its apex 
and, laden with adherent pollen, flies to a neighbouring fruit. If the latter be in the 
right condition she seeks the opening and gams admission into the interior of the 
receptacle, where she commences oviposition. Should the capnfig, from which she 
Vff emerged, be suspended in a tree of the Smyrna variety she enters a fruit of the 
latter, but subsequently discovers that she has selected a wrong host, as the flowers 
are of such a shape that they do not allow of oviposition within tiiem. After wander- 
ing about for a while, she usually crawls out of the receptacle and incidentally pollin- 
ates the flowers. The males mostly die without ever leaving the receptacles in which 
their development took place. 

According to Baker (1913) the active caprifier and normal inhabitant of the recep- 
tacles of Ficus nota in tlm Philippines is Blastophaga nota Bak., and related to the 
species is a complex Chalcid association. Agaonella larvalis and Sycophaga are 
pxobably inquilines, and Sycoryctes pkihppensis, along with other Chalcids ^asiti^ 
«he Blastophaga, In India Cunningham (Ann, BoU Gard, CalcuUa I) states that the 
cotnplete development of Ficus rosburghii is dependent upem the access of the ng- 
ioseois to the interior of the receptacles and, should their entry fail to occur, oow 
^1® wad female flowers abort. Grand! (19*0) has investigated the stnicjture ano 
‘ttWagy erf Blastophaga psenes and gives a fuU bibliography* The taxooou^ 

author (Bk Lab. Zok. PcrUci 19x6 et seq*) aJeo de4 the extern^ 
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fnafpl3i<floK$' ^ I>^pm l»jr Ktarr. Sattiid^, md Graiidt ajbouli} ftbo 

be coiemited- 

PAM* TOKYMIDA,— A very Urge Utnily whose affinities he more closely with 
the AgaotucUe tiiaa any other group Members of the sub-family Idaxninae are found 
associated with j&g^msects eith^ as parasites or inquihnes Their males are often 
apterous^ but the abdomen is short and not tubularly lengthened or broadened at 
the apex as m the Agaomdae The great majority of Torymidas are parasites of galli- 
colous insects, but a certain number have been reared from the nests of bees and 
wasps Species of Megastigmus have been bred from hjnnenopterous and dipterous 
gall-makers while others are phytophagous, attacking the seeds of Coniferae, JRoss, 
etc. Syntomaspt^ druparum Boh is the apple-seed Chalcid of Europe and North 
America Monodontomerus Westw parasitizes many insects, M obsoletus F having 
been bred from both Lepidoptera and Hymenoptera Podagrton Spin is quxto 
exceptional in being a parasite of the eggs of Mantidae, and Torymus proptnquus 
Foerst is an ectoparasite of gall forming Cecidomyids (vide Seurat 1890) 

FAM. CHALCIDIDi®. — This group accordmg to Ashmead attains its maximum 
development in S America and is rather pooily represented elsewhere eight species 
are hsted by Morley as bemg British Many 


of its members are primary or secondary 
parasites of lepidopterous larvae or pupae , 
Chalets Spin has also been reared from 
larvae of Straiiomyta and Leucospts F from 
various genera of bees and wasps The 
biology of L gtgas has been observed by 
Fabre (1886) : it undergoes hypermetamor- 
phosis and 13 an ectoparasite of Chaheo- 
doma murana 

FAM. EURYTOMID.®. — Probably no 
other family of Chalcids exhibits so wide a 
diversity of habits as is met with among 
the members of this group 11 arm oh ta 
(Isosoma) produces galls on the stems of 
wheat, rye, barley and various grasses (vide 
Phillips, 17 S Dep Agnc Bull 808) H 
grandts Riley exhibits alternation of genera- 
tions the apterous form, minutum, occurs 
m spring, laying its eggs at the base of the 
young wheat plant, and the larva destroys 
the tiller affected, or may kill the entire 
plant The alate form, grandts, is the 
summer generation which lays its eggs 
shghtly above the nodes Males are rare 



WITHIN A Galled Slower of the Pio, 


After Graudi BoUt Lab Zooi Portin 14, 1939 


and have only been found m the case of 

the sprmg brood H orchtdearum Westw is exceptional in that it produces galls on 
the stems and leaves of certain orchids (Catileya) Bruckophagus funebns How is 
likewise ph3rtophagous and passes its developmental stages in the seeds of clover and 
alfalfa Species of Eurytoma and other genera attack the seeds of plum, grape, 
Ampelopsis, etc Other members of the family hve m the nests of bees and wasps 


or are parasites of gall-formmg Diptera and Hymenoptera , a few are egg-parasiteS 
of Orthoptera, while several species of Eurytoma appear almost ubiquitous m their 
selection of hosts 


FAM. PERILAMPID®. — small family distinguishable from the precedmg by 
the large thorax and small triangular abdomen The biology of Penlampus hyahnuB 
Say, a hyperparasite of the larva of Hyphantna and other hosts, has been studied by 
Smith (Bur Ent , Tech Set , 19, pt 4 Psyche, 1917) The newly hatched larva is 
an active planidium which bores its way into the Hyphantna, in whose body-cavity 
it remains nntil it meets with either the larva of the Tachinid Vanchceta or of the 
Ichneumon Ltmnertum, which are primary parasites Upon discovenng one or other 
of the latter hosts it becomes endoparasitic • subsequently it makes its way out, 
undergoes hjqiermetamorphosis mto a white maggot-hke larva and becomes an ecto^ 
parasite of the same host 

PAM« EUCHARID®. — Included herewith are certain remarkable metallic blue 
or green Chalcids chyaracterized by the configuration of the scutcllum which is fire* 
jpro4iiced backwards in the form of powerful spmes. So far as known they 
**0 ootopainelteat^ aiits and are mainly found in the tropics. Orasenta Cam attacks 


5 


TrvTtfimnPTiri3 


members of ibe genera Pheidole and Solenopsis. According to Wheeler (1967) ii 
parasitizes the prepnpa just after the last exuviae have been stripped ofif by the workei 
ants. Its newly hatched larva is a planidium and is found attachelcl near to the heac! 
of the host. As a result of the parasitism the hosts undergo degeneration and fail tc 
become imagines. For the biology of Schizaspidia see Clausen, Ann, EnU Soc. Am, x6 

FAM* ENCYRTID.^. — ^The Chalcids comprised in this extensive family live as 
parasites of the ova, larvae, or pupae of various insects. Although the Hemiptera- 
Homoptera and Lepidoptera are most frequently selected hardly a single order ol 
insects is immune from their attacks. Certain genera are definitely restricted witb 
reference to their selection of hosts. Thus Aphycus is an ecto- or endo-paraisite oj 
Coccidae, particularly of Coccus L. ; Blastothrix almost exclusively parasitizes Coccui^ 
and Pulvinaria while Ageniaspis is mainly confined to the lepidoptcrous genera Litko- 
colletis and Hyponomeuta, On the other hand Eupelmus afreets a wide range of species 
having been reared from the eggs of Saturnidae and other of the larger Lepidoptera, 
frx>m the puparium of Glossina, and from Cecidom3ddae, Coccidae and various Cole- 
optera. The family is of more than ordinary interest and important from the fad 
that certain species of Ageniaspis {Encyrtus), LitomasUx and Copidosoma, whicli 
parasitize Lepidoptera, are known to exhibit polyembryony. They deposit then 
eggs in those of the hosts but the larvae of the latter emerge in the normal manner and 
contain the developing parasites in their body-cavity where embryonic fission takes 
place (vide p. 165). Several members of the family have been the subject of detailed 
biological studies and reference should be made to papers on Ageniaspis by ^ugnion 
(1891) and Marchal (1904), on Encyrtus {Comys) by Embleton (1904), on Aphycus and 
Blastothrix by Imms (1918), on Copidosoma by Leiby (1923) and Liioma^tix by Silvestn 
(1906). The work of Mercet (Mws. 'Nat. Cien, Madrid, 1921) on the Spanish species 
is well illustrated and is a valuable taxonomic monograph. 

FAM. PTEROMALIDiE. — ^This family is the largest among Chalcids and its 
members, like those of the Encyrtidae, afreet almost all orders of insects either as 
parasites or hyperparasites. Pteromalus puparum is one of the commonest of all 
Chalcids and is widely distributed : it especially parasitizes Pieris rapes and hrassim 
and an account of its biology is given by Martelli (1907). P. deplanatus Nees has 
been recorded as occurring in great swarms in buildings but there is no satisfactory 
explanation of the habit (vide Scott, Ent, Month, Mag, 1919). Nasonia brevicornn 
Ashm. is a common pupal parasite of Musca domestica, Calliphora and other Calyp- 
terae (vide Altson Proc, Zool, Soc, 1920). Spalangia muscidarum is likewise a pupal 
parasite of Musca, Stomoxys, and Hamatobia, its larva undergoing hypermetamorphosis 
(Richardson 1913). Isocratus and Pachyneuron parasitize aphides, etc., and the 
Eunotinae mainly affect Coccidae, Scutcllista cyanea Motsh. being an important factor 
in the control of the Black Scale {Saissetia olees) in California and of Ceroplastes rusci 


in Italy. 

FAM. EULOPHIDiE. — ^A very large family consisting for the most part of very 
small species. The Aphelinini are important parasites of the Diaspine coccids and of 
aphids, their larvae being either ectophagous or endophagous. Aphelinus myttlas- 
pidi& de B. is a common ectoparasite of the Mussel Scale and its structure and biology 
has been fully studied (Imms, 1916). Prospaltella berlesei Silv. has been introduced 
into Italy for the purpose of controlling Diaspis pentagona and there is now a volu- 
minous literature on tfre subject. The Tetrastichini afreet nearly all orders of insects 
either as primary or secondary parasites : the majority parasitize gallicolous Diptera, 
Hymenoptera, and Coleoptera. TetrasHchus asparagi Cwfd. is an egg-parasite of 
Cfioufis asparagi and, according to Johnston (Journ, Ag, Res, 4, 1915), from i to 10 
larvae occur in a single egg. The beetle larvae emerge from the infested eggs but fail 
to pupate, although a pu^ cell is constructed, and the adult parasites issue from the 
latter. Melittobia Westw. {Anthophorabia Newp.) is a common ectoparasite of the 
pupae of Bombus, Osmia, and other Aculeata (vide Balfour-Browne, Parasitology 1922) 
as well as of certain Diptera, more especially Calliphora, Members of the sub-family 
Eulophinae are principally primary or secondary parasites of leaf-mining Lepidoptera. 
Euplectrus is exceptional in t^at a cocoon is present. Thomsen [Vidensk, fra Dansk 
naiufh. Foren, 84, 1927) has shown that it is constructed from the products of the 
Malpighian tubes which are modified in the hind-gut and discharged through the anus. 

FAM. TRlCHOGRAMMlDiE.-— The 3-jointed tarsi separate this family from all 
othm and, according to Ashmead, it is related to the Eulophidae, connecting the latter 
with the Mymaridae. Over 100 species are known, all are egg-parasites, and they 
indude some of the most minute examples of the Insecta. Trichogramma usually 
wxadtizes Lepidoptera and Howard mentions that as many as 20 individuals ^ 

< dcrwAn> within a single egg. In Europe r. evanescens is a parasite of Donacia ass 
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oerttun Odcmata (vide Oetenby 19x7} and of many Lepidoptera. T. mtnuiimf in 
America* has been extensively used in connection with biological control. Pr$st- 
wichia oquaHca Lubb. has been reared from the eggs of Notonecta, Ranatra, DyHscus 
and Pehbius, while Hydfophylax aqutvolans parasitizes those of Ischnura, The last- 
named Chalcid swims beneath the water by the aid of its wings. Poropofa stollwetchi 
Forst. aflEects the eggs of A tellabus and, according to Silvestri, it passes through five 
larval forms. 

FAM. MYMARID^ (Fairy Flies). — The species of this family are all exceedingly 
minute and, similarly to those of the preceding group, they are exclusively egg-para- 
sites. They are mostly black or yellowish and devoid of metallic colours. Most 
authorities place them among the Proctotrypoidea but Ashmead regards their position 
to be in the present superfamily. One of the most remarkable genera is Polynema 
which parasitizes Hemiptera : P. naians utilizes Notonecta as its host and both sexes 
swim readily beneath the water by means of their wings. Alaptus Hal. includes pro- 
bably the smallest of all insects, A, magnaniinus Ann. measuring only *21 mm. in 
length. Anaphes conotracheli Gir. has been reared from the eggs of weevils and Litus 
Krygeri Kiefi. from those of Ocypus olcns. 

In addition to the preceding there are several other families of lesser importance. 
The MISCOGASTERIDiE are allied to the Ptcromalidae and, according to Ashmead, 
the only reliable character to separate them is the number of apical spines on the 
hind tibiae. Very little information exists as to their biology but they have been 
reared from a variety of hosts. The CLEONYMID^B are nearest related to the 
Enc3nrtidae and the European forms have been mainly reared from colopterous hosts. 
The Brazilian Pclectnella Westw. includes some of the largest and most striking of all 
Chalcids. The ELASMID^E are a small family resembling the Eulophidae on account 
of their 4-jointed tarsi but their inflated hind coxae and the compressed femora serve 
to separate them. They are mostly minute black species infesting lepidopterous 
larvae. 


Superfamily Cynipoidea 

ANTENNiE NOT ELBOWED. PRONOTUM EXTENDING BACK TO THE TEGULiB, 
TROCHANTERS USUALLY I-JOINTED. FORE-WINGS WITHOUT A STIGMA, WITH 
FEW CLOSED CELLS AND REDUCED VENATION. ABDOMINAL STERNA HARD 
AND CHITINIZED WITHOUT A FOLD : OVIPOSITOR ISSUING SOME DISTANCE 
BEFORE THE ANAL EXTREMITY. 

Included in this superfamily are about 1,200 species of small, and often 
minute, insects which are usually black or darkly coloured. Biologically, 
they are of great interest as the various species are either gall-makers, 
inquilines or parasites, the first-mentioned exhibiting the phenomena of 
heterogeny and agamogenesis. The eggs are provided with a usually 
elongate pedicel, the larvae are apodous and maggot-like, and there K no 
cocoon. In the great majority of the imagines the second abdominal 
tergum is larger than the remainder and in many cases forms almost the 
whole of the dorsal surface of the abdomen. The trochanters are described 
by most authors as being 2-jointed but, as Kieffer points out, the apparrat 
second joint is formed by the contracted base of the femur. Authorities 
differ with regard to the division of the group into families ; five principal 
families are dealt with in the pages which follow. The leading work 
on the group is that of Kieffer (i 879 > which forms part of the 
great treatise of Andrd. The former author (1914) has also \mtten an 
admirable shorter account, which is accompanied by a full bibliography ; 
Morley's synopsis {Entom. 1931-32) and Cameron’s monograph (1882-92) 
refer to the British species. For a catalogue of the world s species vide 
Dalla Torre and Kieffer (1910). 

FAM. CYNIPlDiE (Gall Wasps and Inquilines). — ventral surface of abdombii 

FOX, OB ONLY PARTLY, HIDDEN BY OVERLAPPING TERGA, 2ND TERGUU VERY LARGE i 



HVMRwriPrr«i»i 


5« 


scoMam ^ ThA gtMtor mimibm td its rnmahm Mkmg t& Ufctt sub 

Shiftily Cynipbue* AH of which pmuce gaUs fear iho porpose of ptovidling Iiha 3 teif knt 
i&uttuccsit for their offspring Their larvae are consequently internal f 6 c 4 attl an< 
are tnaggot-hke m form, with well chitimzed dentate mandibles. The head la smal 
and is followed by twelve body segments, and there are mne pairs of spimdes. Th( 
antennae and both pairs of palpi are vestigial Pupation takes place within thi 
larval cell and a cocoon is wanting The forms of galls produced by these insects an 
almost endless and all parts of plants may be affected, from the roots to the flowers 
In every case the female msect lays an egg or eggs in the tissues of the growing plant 
in the mtenor of which the subsequent development takes place. As a rule modi 
of hfe IS accompanied by the production of a gall Many theories have been advancec 
to account for the phenomena of gall-formation, but the problem appears to be stil 
far from being solved, largely on account of difficulties attending the experimental sidi 
of the subject A full discussion of the various views which are or have been hek 
IS given in the works of Kieffer The irritation of the tissues produced by the inser 
tion of the ovipositor is not the initial cause There also appears to be no evidence 
that the fluid injected by the female durmg oviposition is anything more than of th( 
nature of a lubricant The mere presence of the C3nciipid egg in the tissues is not ir 
itself sufficient to produce the gall as, ordinarily, the latter does not commence tc 
develop until the larva has hatched , many months may elapse between me date 
of oviposition and that of eclosion All that can be said is that the galls are |»oduccd 
as the result of reactions of the cambium and other meristematic tissues of tqie plani 
m response to the stimulus induced by the presence of the living larva It is ptobabk 
also that the latter exudes a secretion which exercises an influence upon the grdrwth oi 

the cells of the plant (vide 
Triggerson 1914) The forma 
tion and structure of the 
galls have been studied by 
Beyerinck (1882), Cook (1002- 
04), Cosens (1912) and others 
Viewed in section, a gall is 
usually seen to be composed 
of the following layers of 
tissue passing from without 
inwards (Fig 553) Ihe 



Fig 553 — Diagrammatic Spction of Gail of Nmubo- 

fMMUaLXJtTJtVLAJtJS ACCORDING TO FOCKEO 

A epiderDUS , Pit pareochyma protective layer , n, ntttntive layer , 
le^urvalcell 


outermost coat is the epi- 
dermis and beneath the latter 
IS an extensive development 
of parenchymatous tissue 
The third layer is protective 


in function and is usually of a hard consistency but is sometimes wanting, while 
the innermost layer is nutritive and surrounds the cell containing the larva Cook 
concludes that the morphology of a gall is dependent, as a rule, upon the insect 
which produces it rather than upon the plant upon which it is produced. Galls 
formed by the same genus of insects exhibit great similanty even though produced 
on widely different plants Furthermore those produced on a particular genus of 
plants by different insects are very dissimilar In addition to the species which 
actually forms the gall, the latter frequently supports a definite biological association 
<kf other insects A large number are inquilines, which comprise not only other 
Cynipidae but also larvae of Diptera, Coleoptera and Lepidoptera Furthermoie, the 
larvae and pupae of the true gall-maker, and of the mquihnes, are very subject to the 
att^ks of h3mienopterous parasites, more particularly Chalcids Kinsey (1920) 
estimates that 86 per cent of the known species of gall-wasps produce galls on Quercus 
and are confined to that genus Another 7 per cent are restricted to species of Ro\a 
and the remaining 7 per cent sure found on plants belonging to 35 genera of Angio- 
kpenns, more especially the Compositae The reason for this very marked selection 
of a smgle genus of plants is hard to understand, particularly as oaks have a Irniitid 
distribution in the present age It is true that galls on this genus are more con 
Mxicttous than on other plants where they are more liable to become overlooked 
According to Kinsey the tnbe Aulacim is, in many respects, the most prumtive of 
the gall-wasps. Its members are not confined to a particular plant host but select 
those belongmg to many genera. Not only are they more or less poljrphagous as a 
group^ but certain of the species utilize several genera of plants, Aulactdea ^ 

eelectmg Sohdago, Sonchus and Lactuca The various species of Atmctm 
aitiier l^uce extremely simple gall-formatio& or live in sterna pi^udlng 120 gaU a 
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aflL tcqittilttdag^^ 

eqtiSii il'KiiMMft# ®ttd th8 tiiterQatioti of g^itiArations 90 cbaractcristio of tho M i j ir*y»»f 
Cyiiipii^ is a^bsent. Almost every transition may be ob^rved from the simple oon^ 
dition fWvalent In Aulacidea to the many types of highly complex galls, and the 
alternation of morphologically and physiologically different generations found in many 
other genera. The most highly evolved gaUs are to be looked upon as almost entirdy 
separate organisms, which are only connected to the host plant by means of a nawow 
neck of tissue. In some cases the galls develop in size and form new tissue after 
separation from the parent plant. The galls of two successive generations, produced 
on different parts of the same plant, often present entiiely different forms ; and the 
insects of the two generations are frequently so divergent in characters that they have 
often been allocated to separate genera until their relationships have been detected. 
Heterogeny among Cynipidae is of an exceptionally remarkable nature. In many 
species males have never been seen at all, out of many thousands of the insects which 
have been reared, and there appears to be little doubt of their non-existence. In 
these very highly specialized cases the successive generations are all similar and agamic 
and a secondary simplification of the life-cycle results. The majority of the Cynipinae 
have only the alternate generations alike : each agamic generation is followed by a 
bisexual generation which, in its turn, produces the agamic one. The latter is the 
overwintering stage while the bisexual generation is produced during summer. A 
few of the commoner species, which are prevalent in Britain, may be selected as illus- 
trating the principal biological phenomena already referred to. Neuroterus lenticulafis 
is a very abundant gall wasp in England. The galls from which the spring (agamic) 
generation emerges are lenticular growths found on the lower surface of oak leaves in 
October. The insects remain in the galls all the winter, and appear as adults early 
in April. They consist entirely of parthenogenetic females which deposit their eggs 
deep down among the catkins and young leaves. The resulting galls occur in May 
and June and are quite different from those preceding, being spherical and sappy in 
character. The summer generation which emerges from them was originally referred 
to a different insect, i.e. Spathegas^ter baccarum. Both males and females are produced 
but the latter largely pr^ominate in numbers. After copulation the eggs are laid 
at the sides of the veins in the tissues of the young leaves, and the resulting galls are 
of the lenticular kind found in October. The most conspicuous difference in the females 
of the two generations is seen in the ovipositor, which is much larger in the agamic 
than in the summer individuals. Biorrhtza pallida Oliv. is another very characteristic 
oak species. In the bisexual generation the males are winged, and the females are 
either apterous or have vestigial wings. This generation emerges from the “ oak 
apple " galls and the eggs are laid in the roots of that tree. In this situation other 
galls are produced from which, in spring, the agamic generation (known as B. aptera 
Bose.) is produced. The individusds of this brood consist exclusively of apterous 
females which migrate up the tree and produce the “ oak apple galls in due course. 
The genus Rhodites is confined to the Rosaceac — Rosa and Rubus being most usually 
selected. The familiar and striking bedeguar or pin-cushion galls are produced 
on the former genus by Rhodites rosa. These galls consist of a mass of moss-like 
hlaments surrounding a cluster of hard cells containing the Rhodites larvos. There 
is no alternation of generations in this species, males are much less frequent than 
females, and the eggs are known to be capable of parthenogenetic development. The 
hard spherical ** marble galls of Cynips kollari on the oak produce the agamic gen- 
eration of that species. This insect was apparently introduced into England about 
1830 and is now abundant. According to Beyerinck the bisexual generation is the 
insect known as Andneus circulans Mayx. 

The S3mcrginse are almost entirely inquilines, and are often mistaken for true gall- 
makers to which they frequently bear an extremely close resemblance. They mostly 
lay their eggs in C3mipid galls found on oak, but have also been reared from galls 
formed by Diptera and other insects. 

FAM« IBALlIDiE. — ^four basal segments of abdomen sub-equal in both 

SEXES : 2ND JOINT OF HIND TARSI WITH A LONG PROCESS : PRONOTUM BASALLY 

J^EVATED. The members of this small family are among the largest Cynipoidea. 
The genus Ibalia is widely distributed in Europe and N. America and its members 
Bre ^doparasites of Siricidae. The single British species L leucospotdes has been 
studied in great detail by Chi^stal (Oxford Forest, Mem. ii, i 93 <>)* 
m the Sirex larva and the 1st instar larva is of the polypod type with 12 pairs of 
trunk limbs ; the whole larval period appears to last three years. 

CHABlPIDiB (AllotrUdm).— BODY, including scutellum. smooth and 
aifD abdominal tbrgum longer than the rest together. The 



^ HYMENOFTEKA 

soombersof thi9 family are mainly hypetparasites of apWdas 

paurasites • less frequently they have similar relations with coccids An account 
of the biology of Chartps is given by Haviland {Quart, Joum. M%c, Set, 63, 1921), 
FAM. EUCOlLIDi® (Fig 554) — ^scutellum rugose or punctate with a 

RAISED CUP-LIKE DEPRESSION IN THE CENTRE 2ND ABDOMINAL TERGUM USUALLY 
HALF THE LENGTH OP THE ABDOMf-N AND GENERALLY WITH A BASAL HAIR FRINGE 

These insects are parasites of Diptera and the primary larva? are encoiliform. In 
Khtdotoma the 2nd instar larva is polypod with 10 pairs of trunk limbs (James, Ann 
App Biol 13, 1928) Eucotla eucera is an important parasite of Osctnella ftti and 
Coihonaspts rupee attacks Ckoriophtla bra^stca 



FAM. FIGlTlDi’E — scutellum sculpturld but without cup-like raisid 

DEPRESSION : 2ND ABDOMINAL TERGUM LESS THAN HALF THL LENGTH OF ABDOMFN 

The species of Eigites and other genera are parasites of Diptera while Anaiharib has 
been bred from Hemerohius The primary larva of I igttes is eucoiliform and is lol 
lowed by a polypod instar with 10 pairs of trunk limbs (vide James, loc c%t,) Ihe 
Anacharitins and Aspiscenncr are sometimes regarded as separate families 
Three other families of Cynipoidea are extra-European 

Superfamily Proctotrypoidea (Serphoidea, Oxyura) 

PRONOTUM EXTENDING BACK TO THE TEGULJE, TROCHANIERS 2-JOINTED 
(EXCEPT IN PELECINID/E) OVIPOSITOR ISSUING FROM THE APEX OF THE 
ABDOMEN, rrS OUTER SHEATHS CONJOINED TO FORM A MORE OR LESS CYLIN- 
DRICAL TUBE. 

The members of this superfamily are slender insects mostly of small 
size and nearly all are parasites Many attack the eggs of other insects, 
other species are endoparasites of larva or pupa, some are hyperparasites 
and a small number are mquilines. The majority of species form a cocoon 
erf a silky or parchment-like nature but in the aphid-infesting genera the 
pupa is protected by the body of the host. The 'wings exhibit the greatest 
diversity of venation and in many forms they are almost veinless, while 
apterous species are very frequent. For a generad account of the group 
ifide Ashmead (1893) who, in his later work (1902-03), revised its dassifica- 
HOU. By some authorities these insects are considered to be closely allied 
&e Chaldds but according to Ashmead they are in every respect more 



PROCTOTRYPOIDEA ^3 

ioitisi&tdtjr idfttcd to the Vespoidea. The British species have 'scarcely 
been invcsti^ted, but a standard work on the European forms by 
(Das Tierrsich, Lief. 41, 42, 44) is available. 

Tables of families; 


A. WINGED FORMS 

(2). — ^Trochanters i-jointed. 

2 (i). — ^Trochanters 2-jointed. 

3 (10).— Antennae inserted on the middle of the face, often on 

a frontal protuberance. 

4 (7). — ^Fore-wings with a more or less distinct stigma. 

5 (6). — ^Mandibles dentate : antenna? 14 or 15-jointed, hind- 

wings with distinct venation. 

6 (5). — ^Mandibles edentate : antennae 13-jointed with one ring 

joint : hind-wings without distinct venation. 

7 (4). — ^Fore-wings without a distinct stigma. 

8 (9). — ^Hind-wings with a basal cell : antennae 14 to is-jointcd, 

labial palpi 3-jointed. 

9 (8). — Hind-wings without a basal cell: antennae ii to 14- 

jointed, labial palpi 2-jointed. 

10 (3). — ^Antennae inserted at the junction of the clypeus and 
face. 

ri (12), — ^Abdomen never acute or margined along the sides: 
antennae 10 or ii-joiiited. 

12 (ii). — Sides of abdomen acute or margined. 

13 (14), — ^Antennae usually 12-jointcd. sometimes 7- or ii-jointed 

in female : fore-wings generally with marginal and 
stigmal veins. 

M (13)* — ^Antennae not more than lo-jointed : /ore-wings usually 
veinless. 


1 (6).-. 

2 (3).- 

(2).- 
(5).- 

(4).- 

(I). 

(8). 


B. WINGLESS FORMS 

•Antennae inserted on the middle of the face, often on a 
frontal protuberance. 

-Mandibles edentate : apex of abdomen stylate. 

-Mandibles dentate : apex of abdomen non-stylate. 
-Labial palpi 3- join ted. 


« (7).- 

9 (10) .■ 

10 (9). 


-Labial palpi 2-jointed. 

-Antennae inserted at the junction of the clypeus and 
face. 

-Abdomen never acute or margined along the sides. 

-Sides of abdomen acute or margined. 

-Antennae 1 2-jointed or, if clavate, 7- jointed : labial 
palpi 2-jointed. 

-Antennae usually 10- jointed ; labial palpi i -jointed. 


PELECINIDiB 

(p- 583) 


HELORIDA 

(P- 583) 

PROCTOTRYPID* 

(P. 583) 

BELYTID® 

(P- 583) 

DIAPRIID.® 

(P- 584) 


CERAPHRIONIDA 

(P- 585) 


SCEUONIDX 

(p. 584) 

PI.ATYGASTER1DRI 

(P- 585) 


PROCTOTRYPID* 

(P- 58.1) 

BELYTIDA 

(P- 583) 

DIAPKIIOA 

(p. 584) 


CERAPHRIONIDAt 

(P- 585) 

SCELIONIOA 

(p. 584) 

PLATYGASTERXDA 

(P- 585) 


The PELECINIDiE occur in N. and S. America and are in many ways an excep* 
tional family. In the female the abdomen is greatly attenuated and measures about 
five times the length of the head and thorax, while in the male the abdomen is short 
and clavate. Pekeinus polyturator Dr. is tolerably common in the temperate parts 
of N. America where it has been recorded as a parasite of the larvae of LMthnosterna ! 
its females attain a length of 50 to 60 mm. The HELORIDiE are a small but widwy 
distributed family known to parasitize Chrysopidae. The PROCTOTRYPIDi® may be 
recognized by the long tubular sheath to the ovipositor and, in the male, the abdomen 
is terminated by a pair of spine*like processes. Their larvae appear to be maimy 
parasitic upon those of Coleoptera ; and an account of the biology of Phanoserphus 
is given by Eastham in Parasitology, vol. 21, 1929- The BELYTID^ are 
to parasitize fungivorous dipterous lairvae and Bclyta fulva Cam. has been recoraea 
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58# mwmorsmA 

iroim kminost^. The SAABKiOM luw lUab iMwti ^ 4iptM;9lis 

lairvae, md the biology of DiapHa eonipa^ which attacks EH/Mis haa taSea lol- 
loped by Sanders (Can. £n<., X 9 xx). The SCBLlONlDvfi axe a very large and widely 



1 . II. 

FlO. 555. — ^I, PLATTeABTMB hBTOUlM, FbMALE ; II, THB SAME IN THE ACT OF 

IN AN Egg O, of Dbyomtia (Cbcidomyida) on a Leaf. 

After SUvestri, Both Lab. loot. PorHd xx, 1921. 

distributed family and its species are egg -parasites of other insects (mainly Orthoptera 
and Hemiptera) or, in a few cases, of spiders. The biology of Teleas has been studied 
1 ^ Ganin (1869) and Ayers (1884) and that of Eumicrosoma by McCoUoch {Joum. 
Eton. Ent., 1915) : the former attacks the eggs of (Ecantkus and the latter parasitizes 

those of Bliss us leucopterus. 
In Riela maniicida Kieff, an 
exceptionally advanced type 
of parasitism is presented 
(vide Chopard, Ann. SociEnU 
Fr., 91). Its development 
takes place in the eggs of 
Mantis religiosa and the adult 
parasites make their way to 
the imagines of the host upon 
whose bodies they settle 
down. In this situation they 
cast ofi their wings and lead 
an ectoparasitic life. Where 
the mantis is a female, and 
has commenced oviposition, 
the Rielia migrates to the 
genital region in order to lay 
its eggs in the viscid mass of 
556.— BnioMiM. I, Embrvo m tte ootheca whUe^ latto IS 
MdRULA Stage in the Brain of Larva of Z)*ro- being formed. Parasites 
MtiA (SAGITTAL SECTION), 2, An Embryo WITH whlch Settle upou male man- 
, Trophamnion t AND ADVENTITIOUS Laybr a. 3, tidS are shott-Iived Rud perish 
Two Embryos in the Blastula Stage enclosed along with their hosts. The 

VSf A COMMON ADVENTITIOUS LAYER. C £R A P HRl O N I D At aiC 

After ^veaitxUioc.eit. known to parasitize Cecido- 

; myidae and Aphididae, but it 

a{^axs to be uncertain in many cases whether they are parasites or hyper- 
Ikarasites* The biology of Lygocerus has been followed by Haviland 

^ species observed being ectoparasites of the larvae and pupae of Aphidius 
which lives as an internal parasite of various aphides. There appear to be four larval 
and the primary larva is ovoid, with a reduced head and no tail-like appendage. 
Oaly.two pairs of spiracles are present and these are placed between the to)t and 
liaboiul segments and on the fourth segment respectively : at a later stage aeven 
Oi piracies axe present. The PLATYGASTERlOiB S 55 ) &»rm the l««est 
ef Froctotiypoidea and its ^wdes mirinly parasitise Cwironj^die 


rmm 




^ i^t^BancotDSA ifi^ 

dMl, I96«j|> flielr«|gkj|i9««u%kM«Uihiati»M«il«liek]^^ 
tnAdt of w>e Idtter to loot snMttod dbioe the larval parasite does not develop tut'ol 
stotf the edoskm of tiie larval Cecidomyid The localization of these parasitic torvK 
wttiun ttieir hosts is variable Thus, Synopcas rhams hves free m the body-cavity 
of the krva of Perrtsta vlmana : Platygaster mmutus hves m the stomach of Mayeftote 
desiruttof while Tnchacts remulus forms cysts m the ventral nerve cord of that «»»«» 
host. On the other hand, larvae of Platygaster dryomta (Fig 556) and InosUmma 
ptrxcola live m cysts m the bram of their hosts The females of the tost-mentioned 
genus possess a long hom-hke growth on the ist abdominal segment which curves 
forwards over the thorax This peculiar projection is a special adaptation for lodging 
the elongate ovipositor, amd the latter mstrument is used for piercing the blossom- 
buds of the pear in order to insert the eggs within those of the host {Contartnta 
psrtvora). 


Superfanuly Formicoidea (Heterogyna: Ants) 

SOCIAL AND POLYMORPHIC INSECTS WITH GENICULATE ANTLNNJB PRO- 
NOTUM EXTENDING BACK TO THE TEGULB BUT THE LATTER ARE EITHER 
ABSENT OR IMPERFECT IN THL WINGLESS FORMS TROCHANTERS I- JOINTED 
PETIOLE WITH ONE OR TWO SCALES OR NODFS 

The ants constitute a single very large family — the Formicidae which 
embraces, accordmg to 
Wheeler, about 3,500 
descnbed species They 
are all social and, with 
the exception of a few 
parasitic forms, have 
a w e 1 1-difierentiated 

worker caste (Fig 557) 

The demarcation be- 
tween the head, thorax 
and abdomen is highly 
accentuated , the latter 
region, furthermore, is 
sharply differentiated 
into a narrow basal re- 
gion or pedicel, formed 
by the apparent first or 
first and second seg- 
ments, and a globular 
or ovoid gaster formed 
by the remaining seven 
or eight segments. 

The head varies 
enormously in shape, 
and the mandibles pre- 
sent an almost bewil- 
denng variety of form, 
and are subjected to 
panyuses. Thelabrum 

is vestigial, the maxillae ^ • j 

are composed of the usual sderites, and their padpi are i to o-jomted. 
lacinue am membranous and toothless, thereby indicating a hquid diet In 
the labium both submentum and mentum are evident, together with a 
median §^ossa ; at the base of the latter is a pair of small paraglossae beset 
With torn of setae. The labial palpi are i to 4-jointed. The antennas 



FlO 557 — PmMIDOLE INETABiUB 

m. Soldier 6-d, intermediate workers / typical worker (mioretiate) , 
deUated female , h, male After Wheeler, Ants * 

The 
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ate composed of 4 to 13 joints and usually the male has one more joint 
than the female or worlcer. Compound eyes and three ocelli are well 
devdoped in the males, but in the females, and especially the workers, 
the eyes are usually reduced or vestigial. The abdomen is the seat of a 
stridulating organ which consists of an area of extremely fine parallel striae 
on the mid-dorsal integument of the base of the gaster (Fig. 103). The sharp 
edge of the preceding segment overlaps this area, and is deflexed, so that 
it may scrape backwards and forwards when the segments are moved on 
each other, thereby producing a highly pitched sound. A large and well 
developed sting is present in the females and workers of the sub-families 
Ponerinae, Dorylinae and most Mymecinae, but is vestigial or absent in the 
remainder. 

Ants, as Wheeler observes, have acquired an extensive and uniform 
experience with adl developmental stages of their progeny which they not 



Fig. 558 — Diagram of Poiymorphism among Ants. 

Adapted from Wbeelei, '* AnU ” 

only feed and clean, but also transport from place to place as conditions 
may demand. The eggs are small, hardly more than *5 mm. long even in 
the largest species, and the popular expression of “ants’ eggs” is erron- 
eously applied to the cocoons or even to the larvae or pupae. The larva 
consists of a head auid 13 trunk segments : eyes are wanting and in a few 
causes vestigial antennae au-e present. There are ten pairs of spiracles, 
situated on the meso- and meta-thoraix and the first eight abdominad seg- 
ments. The body is almost adways invested with hairs which assume many 
forms amd au'e most abundant in the first instau:. In many genera of the 
Ponerinae there are girdles of large segmentally repeated tubercles. Different 
species adopt very different methods of nourishing their laurae. Mauiy 
them only on regurgitated liquid while carnivorous species give them 
portions of other insects, the harvesting ants utilize fragments of seeds, 
aitd the fungus growers nourish their larvae with fungus-hyphae. Wheeler 
stetes that a cocoon is constantly present in the most primitive ants and 
equaUy constantly absent in krge groups of highly specialized forms, 
fmymoij^dsm attains its highest expression among ants and no less 
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than 29 distinct types of morphologically different individuals have been 
recognized. The various phases among ants may be divided into the 
normal and the pathologic^ and, in the accompanying diagram (Fig, 558), 
the latter are represented in italics. The normal phases may be subdivided 
into primary or tjjrpical and secondary or at5rpical. The normal phases 
comprise only the ori^nal male, fem^e and worker, while the atypical 
phases form the remainder. It will be observed that in the diagram the 
three typical phases are at the angles of an isosceles triangle , excess develop- 
ments are placed to the right side and defect developments to the left, of a 
vertical line passing through the middle of the diagram. The arrows 
indicate the directions of the affinities of the secondary phases and suggest 
that those on the sides of the triangle are annectant, whereas those which 
radiate outward from its angles represent new departures with excess and 
defect characters. The pathological phases are in italics. 


A. The male [an^Y) is the most stable of the three typical castes. The sense organs, 
wings and genitalia are highly developed but the mandibles are imperfectly so. The 
head is proportionately shorter, smaller and rounder than in females and workers of 


the same species, and the antennae longer 
and more slender. 

B. The female {gyne) or queen is charac- 
terized by her large stature and well devel- 
oped reproductive organs. She is usually 
longer than the male and worker of the 
same species and attains a great size in 
certain exotic forms. The antennae and 
legs are often shorter and stouter than in 
the male, the mandibles are well developed 
and the gaster large. 

C. The worker (ergate) is characterized 
by the absence of wings and the reduced 
thorax and small gaster. The eyes arc small 
and the ocelli either absent or minute. A 
receptaculum seminis is usually wanting and 
the ovarioles are greatly diminished in 
number. The antennae, mandibles, and legs 
are well developed. In many species the 
workers are of various sizes ; in others 
they are dimorphic, there being no inter- 
mediate forms. 

D. When a member of any of the above 
castes assumes an unusually large size it is 
known as a macraner, macrogyne or macrer- 
gate according to whether it is a male, 
female, or worker. 

E. A dwarf form of these castes is 
termed a micraner, microgyne or micrergaie 



Fig. 559. — ^Mermithergatb of PueittoiM 

COMMOTATA, 

Wheeler. 


as the case may be. . ...1. 1 1 

F* Individuals of certain tropical ants are sometim^ parasitized in the la^ai or 
prepupal stage by Orasema (p. 577). They fail to attain the imago stege ; wm^, u 
normally present, are suppressed, and many parts remain abortive. Such an inaiviauai 
is termed a phthisaner, phthisogyne or phthisergate according to its caste. 

G. Similarly, individuals may be parasitized by the Nematode Mermts, TOe 
effect of this parasitism is to produce a shortening of the wings m the male or lemaie ; 
in the worker the body becomes enlarged and has a tendency to exhibit female cn^- 
acters as regards the thorax and ocelli (Fig. 559)* ^.u individual supporting this 
worm is termed a mermithaner, mermithogyne or mermithergate, 

H. The males and females sometimes resemble the worker and we devoid of 

In the case of the males they may possess only the same number of joints to tne 
antennae as the worker. In some species the sexes are dimorphic, the 
viduals coexisting with the modified apterous forms. An individual of the latter 
type is designate an ergataner or ergaiogyne according to its sex. 
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I. An tmawaliy la«ge form of tiie male ocetoe fo <Ae Ifovyfime aad 1» tmnaid a 
{foryfoMTt It is Obamctedzed by tbe laife sad pecoUar mandibles, the long 
drical abdomen and the singular genitalia. It may be regarded as an imcmat 
mactaner that has become the typical male form in this sub-family. 

J. The gynacaner is a male which resembles the female rath«r than tbe male, and 
has the same numbei of antennal joints as the former sex. This phase occurs in tibe 
parasitic workerless genera Anergates and Epescus. 

K. The gynandromorph is an anomalous individual m which the male and female 
characters lure combined either laterally or in a more or less mosaic manner. An 
la^atandromorph is a mmilar anomaly but has the worker mstead of tbe female char- 
acters combined with those of the male 

L. The p-female is an aberrant female characterized by the excessive develop- 
ments of the antenruB and legs and m tbe pilosity of the body. If it coexists with 
the normal female tbe latter is then termed the a-female 

M. An apterous worker-like individual which combines the size and gaster of ^e 
worker with the thoracic characters of the female is termed a pseudogyne. 

N. The gynacotd is an egg-laying worker and is a physiological rather than a mor- 
phological phase, as it IS probable that all worker ants if abundantly fed befome 
capable of oviposition. Should a colony lose its queen one or more workers may 
berome egg-laymg substitution queens as has been found by Donisthorpe in se^er«il 
species of British ants. In a few cases the queen phase has disappeared and is repl 

by the gynsccoid worker. The dickihadttgyne is pecuhar to the Dorylina* and is 
bably a further development of the gyniecoid It is without eyes, ocelli or wmgs 
and the gaster and ovancs are exceedingly voluminous. 

O. The dvnergate or soldier is rccognued by the large bead and mandibles which 
are often adapted to particular functions such as fighting, guarding the nest, crusbmg 
seeds and other hard food particles, etc. 

P. The desmergate is a form intermediate between the ordinary worker and the 
dinergate. 

Q. The plerergate or replete is a worker which has acquired the peculiar habit of 
distending the gaster with stored hquid food until it becomes a spherical sac often so 
large as to mterfere with locomotion 

R. The pterergate is a worker or dmergate with vestigial wings, the thorax remain- 
ing unmodified. 

When both sexes are winged mating nearly always takes place during 
what is termed the nuptial flight. As a rule one or other sex predominates 
in any particular colony and, since the nuptial flight for the colonies of a 
particular species in the same neighbourhood takes place synchronously, 
means is thus afforded for intercrossing with individuals of different colonies. 
IWor to the marriage flight, the workers become much exated and direct 
the operation, preventing the males and females from leaving the nest until 
the right time. There is good reason to believe that meteorological con- 
ditions exercise an important influence in this matter. There exist in 
Uterature many references to great nuptial swarms of ants which some- 
times doud the air like smoke. On descendmg to earth the impregnated 
lemale divests herself of her wings, and the dealated individual commenc^ 
to excavate a small chamber, within which she rern^s in sedusion untU 
W eggs are mature, and ready to be laid. During the whole of this period, 
whi(^ may extend for months, the chamber is sealed up, and the female 
draws entirely upon the nutriment afforded by her fat-body and degener- 
ating flight musdes. When the first larvae appear, they are fed by the 
fi^cretion of her salivatry glands until they pupate. As soon as the ^^rk^ 
0(0 mature they break through the soil and establish a communication 
between the brood chamber and the outer world. They then go abroad 
q i tid forage for food, and share it with their exhausted parent. The ^tter 
% now relieved from the care of the brood, and she limits her activities to 
ii|gy kiying, imbibing liquid food directly from the mouths of the attendant 
In this capacity, she lives on soldy for the purpose of eggrfxn- 
t* sometimes to an age of fifteen years. The numb^ of ants m a 
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jfiiSy devdoiwd colony a|»p<Hits to vaxy betwem wide limits. Ymag 
mode actual counts in tibe case of F&rm^ rt^a and found that the numhett 
vary between about 19,900 and 93,700 ; in Formkm pratmsis Forel estimated 
that the largest mound may contain as many as 500.000 individuals, a 
figure which Yung regards as excessive. 

The nests or formicaries present an almost bewildering variety of archi* 
lecture. Not only has every species its ovm plan of construction, but t!^ 
plan may be modified in various ways in adaptation to special local con- 
ditions. The Dorylinae can hardly be stated to construct nests, and usu£^y 
have their abode in some available recess beneath a stone, or log, or they 
may even temporarily occupy nests of other ants. A large numl^ of ants 
construct nests in the soil and these habitations consist of a number of more 
or less irregular excavations, either with or without a definite superstructure 
around the entrances. The excavations are divided into galleries, or pass- 
ages of communication, and chambers leading off from the latter. The 
chambers are used as nurseries for the brood, as granaries for storing see<k, 
as fungus gardens and for other purposes. In some species there is 
nothing to indicate the situation of a subterranean nest, the excavated soil 
being carried some distance away and scattered irregularly. In others 
it is heaped up in the vicinity of the entrance, or entrances, to the nests, 
to form a crater, which varies in size and construction among different ants. 
Such craters are often difficult to distinguish from mound or hill nests. 
The latter are usually much larger and are formed not only of excavated 
soil but also of straws, twigs, pine-needles, leaves, etc., and are perforated 
with galleries and chambers Such mound nests are well exhibited in the 
European Formica fusca Perhaps the largest number of ants' nests are 
excavated beneath stones or logs. In the tropics many ants take advan- 
tage of cavities found in stems, petioles, thorns and bulbs, or even in the 
spaces enclosed by the overlapping leaves of certain epiphytes. Cavities 
in the bark, the dead wood, and stumps of trees are also frequently utilized, 
and even old deserted C3aiipid galls. Suspended nests are of frequent 
occurrence, hanging from trees in tropical and subtropical forests. These 
are constructed of earth, carton, or silk and contain anastomozing galleries 
and chambers. (EcophyUa smaragdina forms leaf nests, the leaves being 
fastened together by means of a silken web. The observations of Doflein 
and others have proved that the silk is provided by the larvae of the species 
concerned. They are held by the workers in their jaws and used, as it 
were, as shuttles in weaving the silken tissue of the nest. 

Of the seven ^ sub-families into which the Formicidse are divided the 
most primitive are the Ponerinae (Fig. 560). They are characteristic of 
the tropics and are the dominant group of ants in Australia. The only 
genus found in Britain is Ponera wUch is represented by two species, and 
in P. punctatisiima Rog. the males are ergatoid. The nests of the Pon- 
erinae are subterranean and are usually only occupied by a few dozen 
mdividuals. The three castes differ very little in size ; the workers are 
monomorphic. they feed their larvae with portions of other insects, and 
the pupae are enclosed in cocoons. The “ bull-dog ” amts (Myrmeda) of 
Australia attain a length of 2-2*5 cm* ^nd, as Wheeler remarlis, they bite 
and sting with such ferocity that feW observers care to study them at dose 
quarters. 

* For the chaiacters of these sub-famihes vide Wheeler (1922) : the dassificaiiOii 
of ants has been somewhat modified since the one given m that author's text-book 

(wo). 
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The Dorylinee include the driver and legiona^ ante of the tropics ; they 
are likewise carnivorous, but the workers are blind and highly polymoijphic, 
varying from large soldiers with toothed mandibles, though intermediates, 
to micrergates. The females (dichthadiigynes) are very little known and 
sddom found ; they are very large, blind, and wingless like the workers, 
and have relatively enormous abdomens. The males (dorylaners) are 
likewise very large, with sickle-shaped mandibles, and peculiar genitalia. 
These insects do not construct permanent nests but merely bivouac in 
temporary quarters, and wander from place to place in long files. Their 
sorties are only made on sunless days or at night and are for predatory and 
migratory purposes. Belt mentions columns of Edton which he followed 
for two or three hundred yards without coming to the end. Their prey 



Fxo. 560 — PoNERiNE Ants A, B, and C, Worker. I^emaie and Male op Stiqmaiomma 
PALLiFJsa; D, E, F, Worker, Female and Male of Ponbba PSKNaTLYANiaA. 

Wheeler, -Ants.” 

consists of insects and spiders of various kinds, but Savage records that 
Anonma will succeed in killing large animals if the latter be penned up, and 
he mentions having lost monkeys, pigs and birds by these insects. 

The Ponerinae, Dorylinae, togetW with the small sub-family Cerepachy- 
inae and many of the lower Myrmecinae are carnivorous ants which 
represent the savage or hunting stage in the evolution of those insects. 
The remaining gjroups of ants have largely abandoned this habit and adopted 
a vegetarian diet. Wheeler has called attention to the fact that an abun- 
dance of food is necessary for the maintenance and fullest development of 
social life. In warm arid countries insect food is either very scarce, or 
competition to secure it very keen among ants and other animals. A 
number of the former have become vegetarians as their last resource in 
fhe struggle for existence. Under such circumstances, the seeds of her- 
]Nu:eous plants provide an accessible nutritious food, and the outcome of 
is the harvesting habit which is prevalent in many species. The four 
higher sub-families, however, have an extremely varied diet, since th^ not 
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only imbibe the secretions of nectaries, the honey>dew or i^oducts of Aphides 
and other Homoptera, but also feed upon fungi, fruit, seeds and other 
substances The harvesting habit appears to have arisen sporadically, 
and often in distantly related genera, but all of which pertain to the sub- 
family Myrmecinse. In species of Messor, for example, the ants have been 
observed to gather the seeds both from the ground and from the jdants, 
remove their envelopes, and cast the cha£[ and empty capsules on the 
kitchen middens outside the nest. In confirmation of Pliny and Plutarch, 
Moggridge mentions that the ants bite off the radicle to prevent germina- 
tion. The latter process is also arrested by the ants bringing the seeds 
when damp to the surface, spreadmg them m the sun, and then canying 
them back to the special chambers or grananes wherein they are stored. 

The M3rrmecine tribe of the Attini, which is peculiar to tropical and sub- 
tropical America, are all fungus- 
growers and fungus-eaters, and 
number about loo species. The 
fungi are cultivated in special 
chambers of the nest termed fun- 
gus-gardens ^fFig. 561) and, ac- 
cording to Moeller (1893), these 
gardens are practically pure cul- 
tures of the fungi concerned, being 
assiduously “ weeded ” and tended 
by the ants. Neither free aenal 
hjrphae, nor any form of fnut body 
develop, but whether this is due 
to their elimination by the ants, 
or to environmental conditions, is 
uncertain. A fungus-garden is a 
sponge-like mass of comminuted 
leaf-fiagments or, in some cases, 
of insect excrement. The fungi 
grow rapidly on this substratum 
and produce numerous swellings 
or bromatia. The latter form 
the food of the ants and their 
larvae and have never been pro- 
duced in cultures. The systematic 
position of these fungi is un- 
settled : several genera have been 
described which have been re- 
ferred to the Ascomycetes and Basidiomycetes. The formation of a new 
fungus-garden is undertaken by the queen who, before departing for the 
matmg flight, fills her infra-buccal pocket (p. 556) with fungal hyplto. 
This pellet is expelled within the newly made nest-chamber and the growing 
hyphae are nourished, at first, by the faeces of the insect, who may even sacri- 
fice some of her eggs for the same purposes. 

The smaiU tropical sub-family Pseudomjrmmae is notable for its highly 
specialized larvae. The head in these larvae is surrounded by the hood-like 
morax and lies far back on the ventrad surface, where it is in contact with the 
first abdominad segment. The latter somite bears a pocket, or trophothylanc, 
wd food received firom the workers is deposited in this pouch, from whidi it 
is gradually ^wn into the mouth and swallowed. As previously mentioned 
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(p. S4S) tropbaUaxis is highly developed, the larva suppiyip^ ^ nvaeses 
the secretions of their remarkable exudatoria. 

Ants have become associated with a large number of phj^ophagous 
hisecto which possess the habit of excreting liquid of a kind which is exceed* 
iagiy palatable. In return, the ants render many of such insects certain 
services, and the relations thus established may be regarded as a In'nd of 
symbiosis. The insects most concerned belong to various familift s of the 
Homoptera, viz. Aphididae, Coccidse, Membracidae, Psyllidae, etc., together 
with the larvae of the Lycaenidae. In the case of many Aphididae and 
Cocddae, for example, they are afforded protection by the ants, who con- 
struct tents or shelters for housing them. With Aphidae the ants frequently 
betray their sense of ownership by at once carrying them away to safety 
i^ould the nest be disturbed. This solicitude on the part of the ants may 
extend to the eggs of the aphids ailso, and numerous observers have npted 
ants collecting and stonng Aphid eggs in autumn and tending the nynlphs 

when they emerge. The Mter 
are carried and placed u]K>n 
stems or roots which may 'be 
situated either within the ntest 
or at some distance outside 
the latter. Nearly 70 species, 
representing 29 genera, of 
Lycaenidae are mentioned as 
havmg larvae that are attended 
by ants, and the relationship in 
some cases may be exceedingly 
intimate. 

In the sub-families Formi- 
cinae and Dohchoderinae the 
habit of collecting nectar and 
honey-dew has become highly 
developed. The workers of 
these msects have a phable 
integument, which often adlows 
*■ of great distension when their 

crops are gorged with food. 
In mamy cases, the gorging may take place to such an extent that the 
inflated crop may cause the sclerites of the gaster to be so far forced apart 
that they appeaur as islands upon the tense intersegmental membiames . 
individuads which exhibit this habit au-e known as reputes (Fig. 562), and 
flbe species possessing this physiological caiste are termed honey ants. In 
PVenoUpis all the workers aure thus able to distend themselves, and re- 
gurgitate the sweet substance which they collect to their lairvae or their 
ants. The true or perfect repletes are developed only in the nest, 
where they remain and store the sweets brought to them by the foragers, 
^UB functioning ais living caisks or bottles. The contents of the latter 
am regurgitated when required for feedmg the community. Repletes occur 
itnong the ants of N. America, S. Africa, and Australia but the caste is 
Wanting in the British species. 

The relations of ants to aphides and Lycaenid larvae represent only one 
elJkO many phases of symbiosis. There remain to be moitioned the many 
a^fjpfjphases vdiich, unlike those already referred to, obtain wUkm the nest, 
are extremdy divoeified and the ants are, as a rule, pasiiwe ox 
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eith<(tf iiuFoag^t life, or doling some stage in th^ devek»^ent. they 
are ImOoni as myrmecophfles or ant>gnests. Otir knowledge of th^ 
orgaidsms is due to the ^orts of many workers, notably Wasmaim, Esch* 
erich, Janet, Silvestri and others. Wasmann, in 1894, enumerated 1,246 
species of myrmecophilous Arthropoda, the greater number being insects, 
and more especially Coleoptera. Since that time many more species have 
been brought to light, and we are now acquainted with probably over 2,000 
species, including at least 1,200 different Coleoptera. In Britain there 
are about 300 species, upwards of 70 being Coleoptera. The relations el 
these myrmecophiles to the ants are extremely diversified, and the following 
classes are recognized by Wheeler, i. The synechthrans, which Uve in the 
nests as scavengers or predators and are treated with marked hostility. 
They have to elude the ants in order to obtain their food, which usually 
consists of dead or diseased ants, the brood, or refuse of various kinds. 


They constitute rather a small group, comprising a number of agile car- 
nivorous Staphylinidse belonging to the genera Mymedonia, Quedms, 
Xantholinus, Myrnuecia, Lampnnus, etc. The first-mentioned genus is 
represented by numerous species on all the continents. 2. The synceketes, 
or indifferently tolerated guests, live in the nests without attracting the notice 
of the ants, or without arousing any obvious animosity. They are either 
too small, or too slow of movement, to attract attention, or have no specific 
odour which differentiates them. Among this large and heterogeneous 
assembly the most regular synoeketes are the curiously flattened larvae of 
the Syrphid genus Mtcrodon. Verhceff has observed the fly ovipositing in 
the nest and it was repeatedly driven away by the ants {Formica sanguined^, 
but kept returning until the eggs were finally laid. In addition to Microion, 
synoeketes of British ants include CoUembola of the genus Cyphoderus, 
larvae of the Chrysomelid beetle Clythra, species of Dinarda, various Phoridae, 
etc. A very large number of these guests are associated with the Doryline 
ants, accompanying the latter from place to place on their wanderings, 
and some of the Staphylinids, for example, exhibit an extraordinarily close 
mimetic resemblance to their hosts. The curious Lepismid Atdura is 
coiflmon in the nests of various European ants and, according to Janet, 
its members obtain most of their food % running up and imbibing some of 
the liquid while it is being regurgitated by one ant to another. The re- 
markable wingless crickets of the genus Mymecophtla, and the diminutive 
cockroaches of the genus AUaph^, lick the ants in order to imbibe the 
cutaneous secretions of the latter, and often mount the bodies of their hosta 
in the process. 3. The symphiles, or true guests, are species which ate 
amicably treated, licked, fed, and even reared by the ants. They are much 
less numerous than the synoeketes, and consist largely of Coleoptera. 
Although they belong to many different families of the latter order, they 
exhibit marked adaptive convergence which is shown in the similarity of 
coloration, antennal characters, mouth-parts, and gland structure. These 
features are developed in order to solicit food from the ants, and to ingratiate 
theneelves by means of special exudations. These true guests are assid* 
uously licked by the ants, and it has long been known that they usually 
bear tufts of rradish or golden yellow hairs. The latter are regarded 1 ^ 
Wasouum as being the most characteristic organs of the ^nmphiles, and he 
has idkown flhat are situated on various regions of the integument* 
snuneroos glands open, and that they have the function of di if u sia g 
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some aix}matic secretion. It is thus evident that the symphiles rqpay their 
hosts for their hospitality by secreting a substance vvfaidbi is highly attractive 
to them. Some of the most remarkable among the ant guests are the 
members of the LomechMsa group of the StaphyUnidae. These insects are 
tended with the greatest fiddity by the ants, who also rear the Lomechusa 
larvae like their own brood notwithstanding the fact that the guest larvae 
devour large numbers of both the eggs and young of their hosts. The 
Paussidae and Clavigeridae, which are remarkable for the bizarre forms 
assumed by their antennae, also include among their ranks various symphiles. 
4 . The remaining groups of myrmecophilous insects are parasites. The 
latter include various larval Chaldds such as Orasema and other Eucharine 
genera, the Phorid Metopina and the Gamascid mite Antennophorus. The 
endoparasites include members of all the great groups of parasitic Hymen- 
optera, the Stylopid Mynnecolax, several Phoridae and Conopidae, and the 
Nematode Menrns. [ 

So far reference has only been made to the relations of amts to otjher 
organisms. There are, however, many instances of social symbiosis between 
different species of ants. Thus two species of ants belonging to differ^t 
genera may occupy a compound nest and live amicably together thouj^h 
keeping their broo^ separate. Other cases have been brought to light by 
Forel in which small ants nest in close proximity to larger species, and 
either feed upon the refuse food of the latter, or waylay its workers and 
compel them to deliver up their booty. True inquiline species are also 
known which can only live in association with a host of another species 
and share its nest. Social sjmibiosis leads us to the condition termed 
temporary social parasitism. In the latter type of existence the queen 
seel^ adoption in the colony of another species and trusts to the alien 
workers to rear her first brood of young. The full benefits of this form of 
parasitism can only be secured by elimination of the queen of the host 
species. The workers of the latter gradually die out and the nest is ulti- 
mately entirely peopled by the parasitic ants. Parasite and host are always 
members of the same or closely allied genera. 

From temporary social parasitism the next step is exhibited by dolosis 
or slavery. Slave-making ants are confined to the northern hemisphere 
and are members of four genera only. One of the best known species is 
the blood-red robber ant (Formica sanguinea) of Europe and N. America, 
which utilizes as its slaves certain other species of its genus, viz. F. fusca 
and its allies. An army of sanguinea workers start out and, having found 
a suitable nest, they do not kill the workers of the slave species unless they 
^ould offer resistance, their main object being to capture the pupae and 
bring the latter back to their nest. It appears probable that a number of 
the captmred pupae are eaten since the number of slaves in a sanguinea nest is 
smaller than the number of cocoons captured. The survivors from the latter 
emerge and become slaves in the colony of the captors. Wasmann r^ards 
this species ais a facultative slave-maker, since independent slaveless nests do 
occur, and there is nothing to show that the slaves are an}rthing more than 
atnciliary rather than essential workers, in the colony which has adopted them. 
Obligatory slave-makers or “ amazons ” are members of the genus Poiy~ 
erpfs. The European P. rufescens is one of the best known, and its nom^ 
daves belong to the same species as those selected by sanguinea. The Poly- 
eipts never excavates its nest, or cares for its young, and is entirely dependmt 
on the daves hatched from the worker cocoons pill^ed firom the ahen cedonies. 
HbA j&iropean ant Anergates atratuUts is a highly specialized social parasite, it 
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poseeam no workears, end selects as its host TOrammim cesspit. The 
AnergaUa queen entos the nest of the latter, and the eggs whidi she gives 

rise to a progeny which is t«ided and fed by the host workers. Ants whk^ 
exhibit this parasitic habit are known to eliminate the queens of their host 
species which accept the alien substitutes. This mode of life is associated 
with degeneration ; the males of Anergates, for example, are sluggish, wing- 
less ergatoid individuals, and more or less pupa-like ; the femdes are al^ 
modified and have rather poorly developed eyes. 

Ants are frequently a great nuisance to man but are rarely actually de- 
structive to any of his operations. One of the best known of the noxious 
species is the Argentine ant {Iridomyrmex humilis) which has overrun the 
warmer parts of the United States and become a serious household pest. 

The literatmre on ants is voluminous but much of what is known con- 
cerning these insects wiU be found in the works of Wheeler (1910, 1922, 
1923) which are accompanied by very full bibliographies. The two masters 
of European myrmecology are Forel and Emery, a mere list of whose writings 
would occupy several pages. Almost equally numerous are the various 
papers of Wasmann, particularly with reference to m3nrmecophilous insects. 
British ants number 34 species and these are admirably dealt with by 
Donisthorpe (1927), who has also described their myrmecophiles. 


Superfamily Vespoidea 

PrONOTUM extending back to the TEGUL.E. TROCHANTERS ALMOST 
ALWAYS ONE-JOINTED. PETIOLE OF ABDOMEN SIMPLE WITHOUT A SCALE 
OR NODE. APTEROUS FORMS FREQUENT : WORKERS WHEN PRESENT ALWAYS 
WINGED. 

Included in this superfamily are the Diploptera, which comprise the true 
social and solitary wasps, and a number of families of solitary species which, 
together with the Sphecoidea, are often known as the Fossores. The habits 
of the members of this superfamily are extremely diversified : some are 
true endoparasites, others are ectoparasites, a few are inquilines, while the 
true wasps are essentially predaceous and insectivorous. The Masarinee 
are the only group which includes species whose larvae are regularly nour- 
ished upon a non-camivorous diet, and are not inquilines in the nests of 
other species. The series of papers by Ashmead (1900, 1902, 1903) deal 
with the S3^tem of classification which has been partly followed in the 
present work. 

Table of families: 


I (a). — ^Trochanters a-jointed. 
a (i). — Trochanters i-jointed. 

3 (4)> — Wings almost always longitudinally folded in repose : 

pronotum with postcro-lateral lobes angulated and 
extending above teguiae. 

4 (3). — ^Wings not folded longitudinally in repose : lobes of 

pronotum extending in front of or below teguhe. 

5 (14). — ^First abdominal sternum not separated from the second 

by a deep constriction or transverse furrow. 

6 (7). — ^Legs fossoiial : posterior pair long, femora usually 

reaching to or beyond apex of abdomen. 

7 (6),— Legs generally non-fossorial : posterior pair short, 

femora rarely reaching to or beyond apex of abdomen. 
® {9).— Abdomen with only three to five visible terga, the 
terminal segments tubular and retractile. 

9 (8). — Abdbmen with at least six visible terga, the terminal 
segments not tubular and retractile. 


TRIGONAUDA 

(P- 597) 


VESPIDS 

(P. 598) 


POMPIUDiB 

•(p. 601) 


CIIRYSIDIDX 

(p. 598) 





mwtmmA 

lobe : teosAlee never np^tiaroiis* 

vdthout distinct venatipn and with an wA 
; ^ feni^es often apterous. , 

tS Head not transverse : tarsi normal : imtennse 12-13- 
jointed. 

13 (12).— Head tr^sverse : fore tarsi in female almost always 

!' chelate; antennae xo- jointed. 

14 (3).— First abdominal sternum separated from the second by 

a deep constriction or transverse furrow, 
rj {x6). — Middle coxae usually widely separated. 

>af6 J15). — ^Middle coxae contiguous or nearly so. 

X^ ,18).— Female winged ; ocelli present. Abdomen with a long 
petiole, 

, (17). — Female apterous; ocelli often absent. Abdomen 

without a long petiole. 

19 (20). — Middle coxae usually slightly separated by a triangular 

or bilobed projection of the mesosternum : females 
with the thorax divided into three parts. 

20 (x9). — Middle coxae contiguous. 

, 2t (22). — Hind-wings with an anal lobe; h5rpopygium of male 
with an aculeus ; thorax of female divided into two 
parts. 

32 (21). — Hind-wings with no anal lobe : hypopygium of male 
unannedi genital plate with two spines ; thorax of 
female un&vided. 


4 ) 
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ORVimpiK I, 

(P- 597) 


SCOLUDiB 

(p. 596) 

lUIOPAIX>SOtaD 4 

(p. 596) 


THYNNID 4 

(P- 596) 


MYRltOSID^j 

(p. 596^ 

MDTILUDS 

(P- 596) 


FAM. MUTILLID/B. — ^The members of this family are characterized by a velvety 
body-pubescence and are black, brightly marked, or ringed, with yellow, orange, or 
The family is almost world-wide but apparently most abundant in S. America 
and the genus Mutilla ranges into both hemispheres (vide Mickel, X928), All are 
parasites and have been reared from the cocoons of solitary bees and wasps well 
as from the puparia of Glossina. The females are always apterous and are* more 
^ ixanmonly met with than the males : they are agile runners and can inflict painful 
stings, in a few species the males have the wings reduced to small pads or entirely 
, wanting. Accurate held observations are necessary before it is possible to correctly 
' hsaooiate the two sexes of most of the described species, as they are very different 
; and coloration. Two species of Mutilla occur in Britain, one of which, M. 

’ emopaa, is found in nests of Bom bus, 

FAM. MYRMOSID.A. — ^This small family is closely allied to the Mutillidas and 
is reg[arded by Andr6 and other authorities as a sub-family of the former. The only 
'Btiti^ species is Myrmosa melanocephala F. which chiefly occurs in sandy localiti^ 
in the south of England and is stated to be a parasite of Oxyhelus ; the male is entirely 
black and the female red with a black head and a yellow-banded abdomen. 

/ FAM. THYNNlDifE. — ^These insects are also closely allied to the Mntillidafe and 
I'^xhibit even greater divergence of structure in the two sexes. The sin^e British 
Meihoca ichneumonoides Latr., occurs in the south of England but is rare ahd 
/Ijsxnale is liable to be mistaken for an ant. The genus is widely distributed and its 
consists of Cicindela larvae which are partially or completely paxBlysed b> 
\4lj^ing (vide H. G. and R. J. Champion, Eni, Month, Mag,, 50, X914; Williams, 
extensive genus Thynnus is chiefly Australian, 
y ..FAM« RHOPALOSOMID.^,— -The remarkable Ichneumon-like insect Rhopdh'sm^ 
119m*;; Cress. (N. America and W. Indies) is the chief representative of thia ^buitty 
Md according to Hood its larva is an ectoparasite of the tree-cricket OrochaHs, Jib 
'•systematic position has given rise to much diflerence of opinion and the. insect w 
Imn variously placed in the Parasitica, the Spheciidss and the Vespidas. 

^ssaon of its sdhnities vide A^unead (Proc, Ent, Soc. Waihingion, X893}. , V 
FAM. SCOLIlDiF (Fig. 563) .-—This extensive family includes the 
^ tixe Vespoidea. Th^ are hairy insects whose prevailing colour is Ua^k ii^ 
^^^u^epots or bands of yellow or red, and the wings are often fuscous with a o 
' iridescence. They are mainly inhabitants of warm countries, and are 

of larval Scarabaeidae and probably of other of the larger coleoptetoias (sfw 
divides the group into four distinct fatniHes--1he Cosilidas, Tiphiidaa, 
but, lor purposes of the geimrid ttttdenti tim cMff 



tite^y 

Rhmti^iipts : imetsA N. AmAmi membeti ot the geiius parasitise larvae of LatA- 
no^tsfm. The habits of certain species d Scolia have been observed by Fabte^ doA 
the ietnaMs penetrate the ground in order to discover the Lamellicom larvse upon 
which they deposit their eggs. Thus 5 . bifusciata Ros. selects those of species of 
Cetonia, S. {EHs) inierrupta F. chooses Anoxia and 5 . flavifrons F. is confined to Oryoies 
as its host. Fabre attaches great importance to the details of the stinging process 
and« in the case of Cetonia, the sting enters the latter in the mid-ventral line, at the 
junction of the pro- and mesothorax, in order to paral}rs6 the motor centres of the 
body. There is, however, very little exact information with regard to the process 
of stinging. 

FAM, SAPYGID^. — ^The species of this family mostly frequent decaying wood 
and live in the nests of Osmia, Sceliphron, Xylocopa, etc. Although stated to be 
parasites some species at least are known to consume the food stored by their hosts 
rather than the progeny of the latter. Thus, according to Fabre, Sapyga ^-punctata * 
is an inquiline which consumes 
the food which its host (Osmta) 
has laid in store. This species 
and 5 . clavicomis occur in 
Britain. 

PAM. TRIGONALIDiB.--A 
small family of very rare but 
widely distributed insects which 
are comprised in 17 genera and 
about 40 species. They are 
often included among the Para- 
sitica on account of their multi- 
articulate antennae and the 
2-jointed trochanters. The ovi- 
positor, though much reduced, 
issues from the apex of the 
abdomen and the venation is of 
the aculeate type. According to 
Clausen {Proc, Ent, Soc, Wash- 
ington, 1931, p. 72), the eggs are 
laid on foliage and are swallowed 
by caterpillars of sawfiics and 
L^idoptera, They hatch into 563.— Tm/j tmansvxbsa. Say. N. Ambrxca:^ 

spinose larvae and require as their Female. 

true hosts larvae of Ichneumon Ait. v. (f«iuoc4)« 



or Tachinid parasites. Those 

which occur in unparasitized caterpillars presumably perish. Trigonalids have also 
been bred from the cells of Vespoidea but the host-relationship is uncertain. Tte 
family has been monographed by Schultz {Gen, Insectorunt, 61) and Bugnion {Mitt. 
Schw, Ent, Ges, 12) discusses certain anatomical features. Only a single species 
occurs in Britain. 


FAM. BBTHYLID^* — ^This family is sometimes united with the next to form 
the sUPerfAmily Bethyloidea. Both comprise very small insects linking the Vespoidea 
with tht Rroctotrypoidea. In the Bethylidae the females are often apterous and 
very difierent from the males so that the ^xes are not easily correlated ; in Sclera* 
demus both sexes include winged and apterous individuals. So far as known the 
species of this family parasitize lepidopterous and coleopterous larvae and their biology 
has been chiefly observed by Bridwell {Proc. Hawaiian Ent, Soc. 3, 4) and by Williams 
{Ibid, 4). Epyris stings Tenebrionid larva and lays a single egg on each : Sclera* * 
dermus utilizes various coleopterous larva distributing her eggs over the i^ey, while 
Gonioms and its allies attack concealed lepidopterous larva. Parthenogenesis has been 
recorded among these insects, the unfertilized eggs producing males, 

FAM. BRVlKlDifi (Fig. 564).— -The members of this family are easily leoog* 
nized by the anterior tarsi in the female being chelate (except in Aphehpus and 
its allies) : as in the preceding sub-family, the females are frequently apterous. AU 
Mrasiiic upon the nymphs of Homoptera and more especially those pertaining 
to the familieii Fulgoiida, Cercopida, Membracida, and Jassida.' Their biology is 
of mMfptkmid interest and most of what is known thereon will be found in writings 
rations (Httm^ian Sugar Pi. Ass., Bulls, x, 4, ix), Fenton (Ohio Jaum. Srf. an* 
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DO. 6, 19x8}, Komhauser {Joum. Mo¥ph. igtg) and Keilin and Thompson {CM, 

Biol, Pafis» 19x5)* During the larval stages they are endoparasttes in the abdomen 
of the host and, sooner or later, an external gall-Hke cyst or thylacium containing 

the parasite is developed as a proliferation of 
the integument of the attacked insect. This 
cyst protrudes after the manner of a hernia, its 
position on the host is variable, and one or 
several may be present on a single individual. 
In many cases the cyst may be as large as the 
abdomen of the host, and is usually black or 
yellow in colour. Pupation takes place either 
on the food-plant of the Homopteron or in the 
soil. The effect of the parasitism is often very 
marked and the changes induced are regarded 
by Giard as an instance of ** castration paia- 
sitaire.*' They vary according to the species 
of insect attacked and, in some cases, they are 
evident externally owing to the imperfect de- 
velopment of the genitalia of the host, ©ver 
300 species of Dryinidae are known and\the 
greatest number have been described fiom 
Euro^ : in Britain Aphelopus frequently 
Fig. s^j^,—EcBTnBO])BifSAi parasitizes species of Typhlocyba and ChloAta, 

vBiiBJ, FEMAT.E. FAM. CHRYSIDIDi^. — (Cuckoo wasps or 

After Pterkin*, Ent. BuU. xi. Hawaiian Sugar ruby-tailcd waspS.) These insectS 3 X 6 of a 

brilliant metallic coloration, generally green, 
green and ruby, or blue, with a very hard 
coarsely-sculptured integument. They are easily recognizable by the structure 
of the abdomen, which is peculiar in several ways, and very little longer than the 
head and thorax. It is convex above, and flat or concave beneath, so that it is 
capable of being readily turned under the thorax and closely applied to the latter. 
In this manner the insect rolls itself into a ball when attacked, leaving only the wings 
projecting. There are, with few exceptions, only three or four segments visible 
dorsally. The terminal segments in the female are modified to form a retractile tube 
within which the ovipositor is concealed (Fig. 565). The imagines only fly during 
hot sunshine, and are usually seen 
ia the neighbourhood of the nests of 
various solitary bees and wasps 
within which their transformations 
take place. The family is very 
widely distributed and the genus 
Chrysis includes over 1,000 species 
About 24 species of Ch^sididse are 
British, one of the commonest 
being Chrysis ignita (vide Morice, 

Ent Month, Mag, 36}. So far as 
known all the species are parasites, 
or less frequently inquilines, and 
the Eumenidae and Megachilidae 
are especially subject to their 
attacks: Cleptes, however, is ex- 
ceptional in that it parasitizes 
Tenthredinidae. As a rule their Fig- 5^5-- 'Canrsia luBirA, Female. Britain. 
larvse prey on those of the host Afttr sharp, Camb, Nnt, Hist, 

but Chapman {Ent, Month, Mag, 6) 

has observed the larva of Chrysis ignita feeding upon a caterpillar stored by its host 
fjOdynerus), The genus Cleptes is also, in other ways, anomalous : the male hs^ five 
visible abdominal segments and the female, unlike other members of the family, is 
provided with poison glands and is capable of stinging. For further information on 
the Chrysididse reference should be made to the contribution of du Buysson in the 
work of Andr6 (1879). 

FAM. V£SPIDAC.--*The largest and most important family of the Vespoidea, 
comprising the social and solitary true wasps. It is divided into nine sub-families 
of which the Vespinse are the only social wasps found in Europe. Of the soUtaxy 
tenses, the Masarina have the antennae apically thickened or clubbed and the 
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wfaigs ttve never Icmgitadiiudly fdicate, nr imperfectly eo^ They oonstmk nests ia 
the form of tatmlar cells disposed side by side ia the earth or ia dry stems. Their 
larvae are led tvith a psiste of pollen and honey, except in Pseudomasftris which stores 
its cells with caterpillars. Although widely distributed the sub-family does not 
occur in Europe. 

The Eumenina comprise most of the solitary wasps of temperate regions. They 
exhibit many variations in nest-building habits : certain species dig tunnels in the 
^ound, and others construct tubular nests in wood or stems, partitioning the tunnels 
mto cells divided by mud walls. There arc, furthermore, a number of species which 
are mason or potter wasps, constructing oval or globular vase-like nests of mud or 
day fastened to twigs and other subjects. The latter types are often of the daintiest 
description and are said to have served as models for early Indian pottery. The 
species of Odynerus construct varied kinds of nests, while some regularly take advan- 
tage of a deserted nest of another wasp, or of a nail-hole or key-We, rather than 
build cells of their own. All the species of the family arc predaceous upon small 
l^idopterous larvae, or more rarely, upon those of the Tenthredinidae and Chrysome- . 
lidae, and are of economic importance. The prey when captured is stated by Fabre 
to be stung into insensibility and a dozen or more larvae may be stored in a single 
cell. The wasp deposits each egg by means of a suspensory filament from the roof of 
the cell where it hangs in close proximity to the food thus collected and, after the 
chamber is sealed, the parent betrays no further care for its offspring. The famfiy 
is a large one well represented in most regions of the globe and its habits are discussed 
by Roubaud (1916), Williams (1919) and others. Two genera occur in Britain, viz. 
Eumenes and Odynerus, In the former the first 
abdominal segment is very long, and narrowed 
into a petiole (Fig. 566) while in Odynerus the 
petiole is scarcely evident. 

The VesptncB occur in all continents excepting 
S. America and a large part of Africa. This sub- 
family, in temperate regions, includes the paper- 
making wasps which are social in habit, and live 
in large communities each composed of a fertilized 
female or queen,*' workers, and males. The 
colonies exist for a single season only, the males 
and workers perishing during autumn, while the 
impregnated females hibernate and each founds 
a new colony the next spring. The three forms 
of individuals are very alike in coloration, but 
the queens are considerably larger than the 
workers and males : the males may be readily 
distinguished by having seven evident abdominal 
segments and thirteen joints to the antennae, whereas only six abdominal segments 
and twelve antennal joints are found in the queens and workers. Vespidae are 
largely predaceous in habit and feed their larvae upon other insects, portions of 
which they previously masticate : both fresh and decaying meat and fish are also 
utilized. The adult wasps are very partial to nectar, ripe fruits and honey-dew 
and this same diet is given to the very young larvae for a short period. Their mouth- 
parts have not attained the length and perfection found among bees, and hence wasps 
are unable to obtain the secretions of deeply seated nectaries. Although, at times, 
they cause injury to fruit they render service as scaveng'^rs and in reducing the numbers 
of other insects, more especially Diptera and lepidopterous larvae. All the British 
species of the family belong to the genus Vespa and our knowledge of these insects 
has been greatly extended by the researches of Janet (1893, etc.) and Marchal (1896), 
Great variety of nest construction is found in this genus and the British forms exhibit 
three distinct t3rpes of nidification. Thus Vespa vulgaris, germantca, and rufa makie 
underground nests; V, sylvestris and norvegxca suspend their nests from bushes, 
trees, etc., while V, crahro (the hornet) nests in hollow trees or more rarely in banks, 
V, austriaca (arhorea) is a race of V, tufa in whose nests it is occasionally present as 
an inquiline. The stings of these insects are always painful and many of the tropical 
species axe very fierce and easily roused, their stings sometimes involving dangerous 
consequences to animals and human beings. One of the largest species of the genus 
is the Himalayan V. ducahs Sm. whose queens attain a length of 40 mm. with a wing- 
expanse trf over 80 mm. 

After hibernation the female wasps are roused into activity by the warmth of 
^ly cfpring, and commence to seek out likely situations for their nests. Having 



Fig. 566 . — Euiisjrgs pgrioLiTA. 
IEMAT.E X h India. 

After Bingham (F B.I.), 
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discovered suitable places they proceed to gather the laatmial Idt nest ooiistetMstlcNit 
This consists of weaW*wor/but sound paxticto of whi^ m 
means of the mandibles, and worked up witb the aid of saliva to form a Substance 
known as ** wasp-paper " In the case of V germantca and vulgans, layers of the 
substance are applied to the roof of the cavity in the ground destined to hold the nest. 
From the centre of the disc thus formed, a pedicel is hung with its lower end widened 
out Upon the latter the first cells up to about thirty m number, are constructed : 
they are hexagonal in foim, open below and closed above An umbrella>like covering 
IS suspended from the roof of the cavity to protect the comb and, m the angle of each 
cell nearest the centre of the comb, an egg is deposited, being fixed by means of a 
cement-iike substance In a few days, according to temperature, the larvae hatch 
and are led by the parent until ready to pupate Prior to transforming the larva 
spins a cocoon withm the cell and closes the mouth of the latter with a tough floor 
of silk. The contents of the gut are now evacuated for the first time, and transfor- 
mation into the pupa takes place After a period of four to six weeks from the time 
of egg-laying, the adult wasps bite their way through the floors of their cells and 



emerge These in- 
dividuals are always 
workers, and verv soon 
the entire care of the 
young and the \ nest- 
buildmg IS taken^ over 
by them, the parent 
female devoting herself 
solely to egg-laying 
When the nest is fully 
foimed (Fig 567) it is 
more or less spherical m 
form externally, and is 
invested by several 
layers of coverings 
which protect it from 
rain and also serve to 
pre\ ent loss of heat 
from within New cells 
are added at the peri- 
phery of those already 
formed and, when one 
layer of comb has at- 
tained a suitable size, 


Fig 567 —A Section of Subterranean Nest 01 1 £sfA new tiers or layers are 

sMMMAsioA B Section or Nfst of V cbabeo in a Tree- built below and inter- 


HOLLOW 


connected wnth vertical 


A, root to which first attachment D was made B s< 01 larv atttrhment C 
piooes of flint , Di suspensoty pilhr F envelope m B its vc‘,tiges T entrmee 
w, fide gallery H lannllc closing opening to tree hollow 0 entrance oiitices in 
latMto / sapmphw JUS dipt or >u<s larvae* The numerals refer to layeis of comb 
ia order of construe tioii Adapted from Janet 


pillars This goes on 
until about seven or 
more combs are con 
structed and the spaces 
between the several 


combs, and between these and the mnermost covermg of the nest, are just sufficient 
to allow of the free movement of the occupants of the nest Each cell of the 
comb IS used for rearing the brood twice or perhaps three times, and it will there 
fore be seen that the number of cells does not accurately represent the total population 
of a colony Janet found in a nest containing seven combs 11,500 cells of which 
XXtOoo had been used twice and the remainder thnee An average sized nest probably 
has a population of about 5 000 mdivxduals towards the end of the season Near 
tlito end of summer larger cells are constructed and these ” royal ** cells are destined 
for the females or “ queens of the next generation The fertilized eggs produce 
either females or workers, depending upon the amount of food supphed to the larva 
When food is particularly abundant, or in nests which require re-queenmg* the workers 
ejudergo mcreased development and become fertile but are structurally incapable of 
hnpregnation Males are alwaj^ produced from unfertihzed eggs whethei* the latter 
he ^d by the female or workers 

III addition to tlieir normal occupants a large number of other insects have been 
in wasps' nests, cither as parasites or inquihnes In the soil beneath the 
nest^ which contains excreta and other organic matter, larvie of (Acaf*' 



.mssmamA, fox 

Mpkfum) kumis are oftm ateiidajit. Laxvae oi Voh$»0U0 inanis^ Mmmrim meui pMtcms 
appatr to act as scaysagm d^oaiing excreta, etc., and doing no hmn to the oocn|>ants 
ox the cells : among true parasites the most important is Metacus paradoxus which 
destro]^ the larvm. ISTewstead (EnL Month, Mag, iSgt) has recorded a number of 
othm* insects and several species of Acari from nests of V. germanica and V, vuigaris, 
PoHstss is the only other European genus : its colonies are much smaller than 
those of Vsspa, and each nest is composed of a single tier of cells suspended by means 
of a central pedicel, without any external envelope, 

i>f the extra-European sub-families of solitary species little is known about the 
EuparagincB, The Zethina show an advance on the Eumeninse in that they incor- 
porate wood or other plant material in forming their cells and some species practise 
progressive provisioning. Of the extra-European social groups the Stenogastrina, 
of the Orient and Australia, are the most primitive. Some species are solitary and 
others social : the latter make fragile naked combs, the colony comprises but few 
individuals, and the larvae are fed by progressive provisioning. The Polybiina are 
the laurgest social group : they are tropical atnd largely S. American. In species of 
Belonogaster in Afnca the colonies are small and there is a rude division of labour, 
the older females being the egg-layers and the younger individuals are foragers : new 
colonies are provided for by rudimentary swarming. In the higher genera true queens 
auid workers prevail : the colonies are 
immensely populous and polygynous, 
while swaurming is aC regular phaise in their 
life. In Nectarina honey forms part of 
the nest provisions. The Ropaltditnce are 
a small group found in the tropics of the 
old world : they au*e primitive forms con- 
structing naked combs and there is little 
or no distinction into queens and workers. 

Among the principal works on the 
family is De Saussure's monograph (1853- 
58) and the writings of Janet, Marchal, 

Roubaud (1916), Bequaert (1918) and 
Dalla Torre (Gen. Insectorum 19) : for a 
useful account of the biology of the 
British Vespidae vide Latter ( 1 904) . Their 
evolution and economy are fully dis- 
cussed by Wheeler (1928). 

FAM. POMPILID/B (Psammo- 
charidas) , — ^The Pompilidae are the most 
extensive group of the Vespoidea and 
are distributed over almost the whole 
world ; six genera, including about 30 
species, are found in the British Isles 
(vide Perkins, Ent. Month. Mag. 1920). 

In these insects the abdomen is devoid of a definite pedicel, the hind pair of 
legs is very 16 ng and the males are more slenderly built and usually smaller than 
the females (Fig. 568). All are fo&sorial and predatory wasps, their size is very 
variable and certain species may attain a length of three inches. Included in the 
genus Salius are some of the largest of all H3anenoptcra. They are remarkable for 
their extreme activity and possess great powers of running. The nests of these insects 
are usually burrows in the ground, but Agenia constructs earthen vase-like receptacles 
which are attached to walls or stones. Their prey consists almost exclusively of 
spiders and some of them, by means of their highly developed stmging powers, are 
able to overcome even the largest of these Arachnids. One of the giants of the f^ily 
IS Pepsis fetnoratus which stores its burrows with the great Tarantula spiders. The 
habits of the Pompilidae have been observed by Fabre (Souv. EnU 4th ser.), the Peck- 
hams (i898)j» Ferton (1901-21), Williams (19x9) and others. There appears to be a 
good deal of variation in ttie degree of perfection in the art of stinging among dififerent 
species. Fabre states that Calicurgus first stings its prey between the poison fangs 
of the latter, and subsequently near the junction of the cephalothorax and abdonusen, 
thereby producing complete immobility. The observations of the Peckhams on specien 
of Pompiius indicate that in this genus stinging is a much less refined frocess : in some 
cases the spider is stung in such a way that it is killed outright, while in others it may 
h\ e for 40 or more days, but in all cases it is reduced to a sufficiently helpless condition 
to afiord a ssle repository for the egg of the wasp. 



Fzg. 568 — Caliouboub BTALIITATUB, FE' 
MALE. Britain. 

After Sharp, Camb. Nat. H%sL 
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Super&mily Sphecoidea 

PKONOTUM NOT EXTENDING BACK TO THE TEGUL£. TKOCHANTERS ONS- 
JOINTED, HIND TAESI SLENDER, NOT DaATED. PUBESCENCE OF HEAD AND 
THORAX SIMPLE NOT PLUMOSE. WORKERS AND APTEROUS FORMS ABSENT. 

This superfamily is composed of fossorial wasps and none exhibit any 
true social life. For the most part they may be regarded as beneficial 
insects from the fact that they are predaceous and store their nests with 
lepidopterous larvae, Hemiptera-Homoptera, Orthoptera, Araneida, etc. 
Parental care for their larvae occurs in species of Bembex and Philanfhus 
but, for the remainder, once the cells have been provisioned, and an egg 
deposited in each, they are sealed down and the parent exhibits no further 
concern for her offspring. As a general rule they sting their prey before 
storing the latter in the larval cells, and the result of the stinging in most 
cases is to induce rapid paralysis of the motor centres, thereby 
all or almost all power of movement. The often repeated assertion! that 
the prey is stung in the ganglionic nerve centres is not an ascertaineduact, 
but an inference drawn from the effects of stinging, and the positions in 
which the sting is inserted into the bodies of the victims. In a number of 
cases the prey is stated to be killed outright, but it retains its fresh condition 
for a variable period up to several weeks, a fact which suggests the poW- 
bility that the injected venom exercises an antiseptic influence. Many 
interesting and original observations on the habits and instincts of the 
European species of the group are detailed in the writings of Fabre and 
of Ferton ; a number of the American species have been studied by G. W. 
and E. G. Peckham and certain of the African forms by Roubaud (1916). 
Kohl (1896), who is the European authority on the classification of th^ 
wasps, regards them as forming a single family, but the work of Ashmead 
and others has shown that the Sphecoidea are a complex group divisible 
into a number of families which exhibit different structure and habits. 

Key to the families : 

1 (14), — ^Middle tibiae vdth one apical spur, rarely with none. 

2 (5). — Fore-wmg with one cubital cell : median cell in hind- 

wing twice as long as sub-median. 

3 (4). — ^Head transverse ; postscutcllum with a spine or forked 

process and with squamae. 

4 (3). — ^Head quadrate : postscutcllum unarmed and without 

squamae. 

5 (2). — ^Fore-wing usually with two or three cubital cells : 

mediaui cell in hind-wing not twice as long as sub- 
median. 

6 (11). — ^Abdomen with no marked constriction between seg- 

ments 1 and 2. 

7 (8). — ^Abdomen pctiolate or subpetiolate. 

8 (7). — ^Abdomen sessile. 

9 (10). — ^Labrum large and well developed, ocelli aborted and 

represented by scars. 

10 (9). — ^Labrum small, concealed, ocelli distinct or never all 

aborted. 

11 (6). — ^Abdomen with a strong constriction between segments 

1 and 2. 

12 (13). — Head wider than the thorax : fore-wing with 3 cubital 

cells ; abdomen rarely petiolate. 

13 (12). — Head not wider than the &orax : fore-wing with i or 

2 cubital cells : abdomen petiolate. 

<4 (1).— Middle tibiae with two apical spurs. 


OXBELIDX 

(p. 605) 

CRABRONIDA 

(p. 605) 


PRMPHRRDONIDX 

(p. 605) 

BEMBECIDA 

(p. 605) 

LARRID.S 

(p. 605) 


PHIIANTHIOJB 

(p. 604) 

TRYPOXYir>NIO.C 
(p. 604) 
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15 (i6)« — Abdomen with a oonstnction between segments x and 

2 : middle coxas contiguous. 

16 (15). — Abdomen with no constriction between segments i and 

2 : middle coxae not contiguous. 

17 (22). — Mesostemum normal ; mesonotum without parapsidal 

furrows. 

18 (21). — ^Abdomen sessile or subsessile. 

IQ (20). — ^Labrum not free, covered by the clypeus : transverse 
median vein usually straight. 

20 (19) -Labrum free, well developed : transverse median vein 

usually sinuate. 

21 (18) .■ -Abdomen petiolate. 

22 (17).' -Mesostemum produced into a forked process pos- 

teriorly ; mesonotum with parapsidal furrows. 


MELLINIDJB 
(p. 604) 


NYSSONIDA 

(p. 604) 
STlZIOiB 

(p. 604) 
SPHECID« 

(p. 603) 
ampui-icid;e 
(p. 603) 


FAM. AMPULICIDiC. — The members of this family are rare in individuals and 
few in species. The prothorax is narrow and elongate and the base of the abdomen 
is constricted to form a short pseudo-petiole. So far as known they are predaceous 
upon Blattidae and Bingham mentions that in Burma they enter houses and search 
for their prey in likely situations. They do not form definite nests and, after having 
stung their prey into submission, the latter are dragged away and stored in any suitable 
hole or crevice (vide Williams, igig). The 
family ranges into both hemispheres but is 
unrepresented in Britain. Dolichurus and 
Ampulex occur in France. 

PAM. SPHEClDi® (Sphegida).— The 
members of this extensive family are slender 
wasps, with the propodeum elongate, and 
the petiole so much attenuated that it is 
often little stouter than a fine bristle, and 
it may exceed in length the remainder of 
the abdomen (Fig. 569). They are usually 
black insects with yellow or reddish mark- 
ings, the legs are adapted for digging and 
running, and their methods of stinging are 
highly specialized. The best known genera 
are Sphex L. and Ammophila Kirby, 
which, as the Peckhams remark, include 
some of the most graceful and attractive 
of all wasps — ^not only on account of their form but also owing to their intelligence 
and individuality. The above-mentioned observers, and also Fahre, have studied 
their habits in detail and the records of their observations form some of the most 
remarkable chapters in insect biology. Stated very briefly, the prey consists either 
of lepidopterous larvae or Orthoptera which are stored in a single cell situated at the 
termination of a vertical tunnel in the ground. The method adopted by these insects 
m stinging their prey is the most complex known and has been observed by Fabre in 
the case of 5 . hirsutus and by the Peckhams in S. urnarius. It is a multiple process 
but there is some variation with regard to the number of stings administered. In 
one instance Fabre mentions that stinging took place at twelve different points, be- 
ginning between the first and second segments and progressing backwards. In his 
second example, the third, second and first segments were stung in the order given 
and thereafter the remaining segments up to the ninth. In other cases he noted that 
usually all the segments were stung. After stinging had been accomplished the prey, 
in some instances, was subjected to a further process known as malaxation, which 
consists in repeatedly compressing the neck of the victim with the mandibles. The 
Peckhams* observations largely confirm those of Fabre with the exception that the 
middle segments of the prey, upon which the egg is deposited, were ngver touched, 
while in Fabre's observations they invariably were. They also noted that malaxation 
was most severe in the case of a caterpillar which was only stung once. It is evident 
from the various observations which have been recorded that the order in which the 
segments are stung, the number stung, and the subsequent malaxation which may 
occur are all somewhat inconstant. The poison introduced during stinging either 
paralyses or kills the prey and also acts as an antiseptic, keeping the tissues fresh 
for many we^s. As Wheeler observes, Fabre's and Bergson's contention that the 



Fig. 5O9.- Ammofsila samulosa, Femalb. 
Britain, x 2. 
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inaect is a dairvoyant sttrgecm, with sa intuitive kuovrledge ctf intama} amtomy 
of its prev, may be dismissed as a myth. Sceliphron [Pelopau^^) iticludes the mud- 
daubers whose nests are construct^ of kneaded mud or clay and are composed of 
about 10 to 50 cells. These insects occur in most of the warmer regions of the globe 
and are very fond of buildmg their nests in human habitations. Their prey consists 
of sjaders and it appears to be a matter of indifference whether the latter be killed or 
only paralysed and either event may follow as the result of being stung. An exam* 
{nation made by the Peckhams of cells recently provisioned showed that whUe most 
of the spiders were dead, many clearly exhibited mdications of being still alive. The 
latter died off from day to day and the dead Arachnids remained m good condition 
for a period of ten or twelve days. 

FAM. STIZIDiE. — These insects are often united with the Bembecidse but may be 
distinguished from them by the presence of two apical spurs to the middle tibise and 
by the strongly defined constriction between the first and second abdominal segments. 
C^paratively little has been observed with regard to their habits beyond tiie fact 
that they are predaceous upon Orthoptera and Homoptera and construct burrows in 
the ground. In N. America Sphectus speciosus is a large and formidable insect p 
upon cicadas ; its burrows extend for two feet or more in depth in sand, each 
visioned with a single cicada and pupation takes place in a silken cocoon with 
porated soil particles (vide Riley, Ins, Life, 4). Both Sphecius and Stizus are Eui 
but do not extend their range into Britam. 

FAM. NYSSONIDiE. — ^These wasps are medium-sized insects and some of ^em 
bear a remarkably close superficial resemblance to members of the Eumenidas. Ibeir 

prey consists of small Homoptera, piatrti- 
cularly Cercopidse. Both Gorytes and 
Nysson occur m Britain, and species of 
the former genus have been recorded as 
preying upon the n3miphs of Aphrophora 
spurn aria, 

FAM. MELLINID-^.— The few re- 
corded observations on these insects in* 
dicate that they are predaceous upon 
Diptera. Mellinus a}vensis is common 
in Bntain and according to Smith it 
often resorts to patches of cow-dung in 
search of its prey. The Species burrow 
in sand and their larvae spin brown 
cocoons. 

FAM. TRYPOXYLONIDuE. — The 
best known genera in this family are 
Pison and Trypoxvlon, the latter being 
Their nests are divided into cells separated 
by partitions, and they frequently utilize holes in posts, chinks in mortar and brick- 
work, decayed wood, plant stems, etc. Some species build clay or mud nests in or 
near houses, others utilize the abandoned nests of Scehphron, or make burrows in the 
ground. For the most part they store their nests with spiders, but Ashmead records 
certain species as preying upon aphids. An account of the habits of Trypoxylon 
alhopilosum and T. rubroctneium is given by G. W. and E. G, Peckham (1898) and 
^ose of T, pohtum by P. and N, Rau {Journ, Animal Behav, 1916). 

FAM. PHILANTHIDiE. — ^These insects are burrowers in the earth and the species 
of Phtlanihus prey upon Andrena, Hahetus, Apis and other H3anenoptera, The 
victim is stung on or near the under surface of the mentum and death rapidly super- 
venes. One of the best known species is Phtlanihus trtangulum F. which commonly 
preys upon the hive bee. According to Fabre, after the bee has been stung it is sub- 
i^ted to vigorous malaxation for the purpose of forcing out the contained honey 
The latter is imbibed by the captor and its extraction is stated to be necessary before 
the bee can be safely used as food by the larval Phtlanihus, Fabre states that the 
burrows of this species are about 3 feet deep and they terminate in the larval celb 
The female bee supplies her brood with food from time to time and consequeutly 
iyfB^ar o£Espring after the manner of Bembex, The species of the extensive genui 
570) make solitary nests in the ground and store them with adult 
ij (12). — Head not^vW5§jpf the genera Halictus and Andrena, According to Bfcafchal 
2 cubital celU preys upon Halictus and the latter is stung m very much 
14 (i).— Middle tibiae wit|V of Philanthus and is afterwards subjected to malaxation. 

itself to species of Buprestidai! while C. Pemri 
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represented in Britain by three species. 
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tnd speifuMfi Costa way i]{n^ CtuoiSooi^is* Aocordiog to Wheeler 
{/omn. Animal JBehav., xgij) AMilaniMii Jrigidus stores its nest with queen ants< 
The tsopSty is represented in Britain by Philanihus Piangulum and six species of Csr^ms. 

FAM. LAKRlDdt. — ^Tbe members of this family are burrowing wasps which 
inhabit taridy localities and provision their nests with Orthoptera and Hemiptera. 
The European species of Tachytes include among their prey Mantis and Stenoboiktus : 
Larva anathema chooses Gryllotalpa, while Tachysphex stores its nests with Gryttus 
and various Acridiidas. Astata and its allies are often regarded as a separate family ; 
they mostly provision their nests with the nymphs of Pentatomidas and other 
Hemiptera (Coreidae and Lygaeidas) which they generally capture in tbe nymphal 
condition. 

FAM. BEMBECID.^. — The Bembecidae live in a semi-social manner, a number 
of individuals occupying a limited area of ground but each one has a separate nest. 
Thus Wesenberg {Eni, Medd., 1891) states that fifty Bembecids will occupy an area 
about equal to that of an ordinary room. Bembex differs from almost all other solitary 
wasps in that the cells containing its larvae are left unsealed and the latter are fed 
from day to day. The difference in maternal care entails very great industry on the 
part of the parent wasps and results in a much less numerous progeny. The prey 
consists of Diptera and among the genera recorded as serving this purpose are such 
relatively large forms as Echinoniyia^ Enstahs and Tabanus. In Bembex rostrata 
a single female supports five or six larvae and each of the latter requires 50 to 80 flies 
during the fourteen or fifteen days spent in that stage. Parker (Proc, t/.S. Nat, Mus, 
52) discusses the biology of the family and believes that the parent wasps find their 
skilfully concealed burrows by olfactory sense. He mentions several instances in which 
the surface of the burrow was disturbed, and even water was poured over it, without 
causing the wasp to lose track of its nest. In addition to this work and that of Marchal 
the reader should also consult the writings of Fabre and G. W. and £. G. Peckham. 

FAM. PEMPHREDONIDiE. — Included in this family are a number of small 
black wasps of slender build w^hich usually form irregular galleries in dry twigs or in 
the wood of posts and rails. Their chief prey consists of Aphididae, but Psyllidae and 
other small Hemiptera-Homoptera are also taken. Peniphredon consists of a number 
of very similar species of which five occur in Britain. 

FAM. CRABRON 1 D.E. — ^Theso insects form a large and important family of 
small species which exhibit extremely varied habits. The genus Crabro occurs over a 
large part of the world and constitutes the dominant group of fossorial Hymenoptera 
in Britain where it is represented by about 30 species. Their nests are constructed 
m stems of bramble, in palings and posts, in the ground and other situations, Diptera 
appear to form their chief prey but some species store their nests with lepidopterous 
larvae or small Homoptcra. There is a considerable amount of evidence in^cating 
that different nesting habits and prey are directly associated with certain groups of 
species. The method of disabling the prey has been much discussed and stinging 
appears to be the usual process (vide Hamm and Richards, 1926). 

FAM. OXYBELlDvE. — ^This family includes certain small wasps which burrow in 
the ground in sandy places and provision their nests with Diptera and more especially 
with species of Anthomyidas and Muscidas. According to Verhoeff the prey is not 
stung but the thoracic nerve centres are crushed which results in paralysis. In the 
American species observed by the Peckliams the prey is stated to be intact, and more 
recent observers mention that stinging takes place. Oxybelus is represented in Britain 
by four species of which O, uniglumts L. is frequent and generally distributed. 

Superfamily Apoidea 

PRONOTUM NOT EXTENDING BACK TO TEGULiE. TROCHANTERS ONE- 
JOINTED, HIND TARSI DILATED OR THICKENED, PUBESCENCE OF HEAD 
and THORAX FEATHERY OR PLUMOSE. WORKERS SOMETIMES PRESENT; 
APTEROUS FORMS WANTING. 

Included in this superfamily are the social and solitary bees. The 
truly social species, which have evolved a worker caste, are confined to the 
families Bombidae and Apidae, the great majority of forms being solitary. 
The adults are most important agents for pollinating flowers, the pollen 
itcihering to the plumose body-hairs. The glossa is always well developed, 
Senetaily pointed, and often exceedingly long. The food consists of nectar 
and poQffa, the former supplying the carl^hydrate ingredients and the 
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latter the protein and hydrocarbons. The larvae are fed upon a simUar 
diet, except that the nectar is regurgitated as honey before being served 
to them. These substances are stored in the cells, and the latter are never 
provisioned with animal food. The females are provided with corbiculae 
consisting of special pollen-collecting hairs which are situated either on the 
abdominal sterna, or on the posterior tibiae and tarsi, or on the femora. 
Certain genera, however, notably Nomada, Calioxys and Psithyrus, are 
inquilines in the nests of other species, and corbiculae are wanting in these 
instances. A useful account of the structure and biology of certain of the 
solitary bees is given by Semichon (1906). For the habits of these insects 
vide also Friese (1922-23), Ferton, Fabre and the literature quoted under 
the different families. 

Key to the families: 

1 (8). — Glossa flattened, usually shorter than mentum : 

basal joints of labial palpi cylindrical, not unlike 
succeeding joints. 

2 (5).— Glossa short, broad, and obtuse or emarginate 

apically. 

3 (4). — Small black bees with scanty pubescence : fore- 

wing with 2 cubital cells ; hind femora in female prosopida 
without pollen brushes. (p. 607) 

4 (3). — ^Moderate sized hairy bees : fore- wing with 3 cubital colletida 

cells ; hind femora in lemale with pollen brushes. (p. 607) 

5 (2). — Glossa long or short, apex acute : pollen brushes 

present. 

6 (7). — Fore-wing with 2 cubital cells : glossa long, labrum panurgid.® 

large and not covered by clypeus. (p. 607) 

7 (6). — Fore- wing with 3 cubital cells : glossa shorter, ANDRENiDi® 

labrum small and mostly concealed by clypeus. (p. 607) 

8 (1). — Glossa very elongate, alw'^ays longer than mentum : 

two basal joints ol labial palpi elongate, com- 
pressed, and unlike succeeding joints. 

9 (10). — Hind tibiae without apical spurs. apid.® 

(p. 61 1) 

10 (9). — Hind tibiae with apical spurs. 

11 (12). — Usually metallic bees, bare or nearly so : the glossa 

extending to or beyond middle of abdomen ; euglossid® 
maxillary palpi i -jointed. (p. 609) 

12 (ii). — ^Not such bees. 

13 (14). — Eyes well separated from bases of mandibles. bombid® 

(p. 609) 

14 (13). — Eyes reaching or almost reaching bases of man- 

dibles. 

15 (22). — Fore- wings with three cubital cells. 

16 (19), — Radial cell neither markedly long nor narrow, 

rarely longer than first 2 cubital cells united. 

17 (18). — Hairy pollen-collecting bees. anthophorid® (part) 

(p. 609) 

18 (17). — Sparsely hairy or bare parasitic bees, with no nomadid® 

pollen-collecting apparatus. (p. 609) 

19 (16). — Radial cell long and narrow, as long as or longer 

than three cubital cells united. 

20 (21). — Small bees, metallic or submetallic, nearly bare: 

hind tibia and tarsus of female without distinct ceratinid® 
scopa. (p. 609) 

21 (20). — Large bees with dense scopa: thorax thickly xylocopid® (part) 

pubescent. (p. 608) 

22 (15). — Fore-wdngs with two cubital cells. 

23 (26) . — ^Labrum large and uncovered, hind-legs with a dense 

scopa. 

24 (23) — Radial cell neither long nor narrow. ANTHOPHORir® 

(part) 
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25 (24). — Kadial cell very long and narrow, xyx.oco:^iDa! 

(part) 

26 (23). — ^Labrum small and usually concealed by clypeus. 

27 (28). — ^Abdomen in female with a ventral scopa : labrum megachilidjs 

entirely covered by cl3rpeus, (p. 608) 

28 (27). — ^Abdomen in female without a ventral scopa: stelidida 

labrum not entirely covered by clypeus. (p. 607) 

FAM. PROSOPIDi®. — A small family of bees whose principal genus is Prosopis F. 
(HylcBus F.). Structurally they are the most primitive of all Apoidea as is revealed 
by the comparatively little modified mouth-parts, the scanty development of the 
body pubescence and the absence of any special pollen-collecting apparatus. In the 
Hawaiian Islands Perkins finds that several species are parasitic upon their congeners 
but the habit appears to be exceptional. Their nests are placed in the stems of 
bramble and other plants, in the earth, or in chinks in buildings. In these situations 
they construct cells which are lined by a thin, translucent membrane : the latter 
serves to retain the honey which is stored in a particularly fluid condition. The 
family ranges into both hemispheres and is represented in Britain by eleven species. 

FAM. COLLETID^. — ^The genus Colletes was formerly placed in the preceding 
family on account of the short broad sub-triangular ligula. The females bear a 
resemblance to the workers of the honey bee but the males are considerably smaller. 
Their general hairiness, larger size and venational differences readily separate them 
from Prosopis. The various species burrow in the soil of sandy localities, some- 
times forming extensive colonies. These tunnels are often 10 inches in length, they 
are lined with a delicate parchment-like membrane, and the cavity of each tunnel 
is divided by means of partitions of the same substance into about 5 to 8 or 10 cells. 
An egg is deposited in each cell on, or in, a somewhat fluid mixture of pollen and 
honey. The family ranges into both hemispheres and several species of Colletes occur 
in Britain. 

FAM. ANDRENID./E. — ^An extensive family comprising a large number of moder- 
ate or large-sized species which often bear a resemblance to the hive bee. Most of them 
construct burrows in the ground and frequently in gravel paths, among grass, etc., 
storing the cells with honey and pollen. Although they are solitary bees they live 
for the most part in colonies or “ villages " which sometimes contain a thousand or 
more nests. The sexes are very different in appearance, they are not often found 
together, and are difficult to correlate. Andrena is represented in Britain by about 
Oo species : many of them are double-brooded, occurring in early spring and again 
in July or August (vide Perkins, Trans. Ent, Soc. 1919). In some species the two 
broods differ slightly from one another, especially with regard to the males. The 
members of this genus, and also of Halictus, arc economically important by reason 
of their pollinating the blossoms of fruit trees, Halictus constructs branched tunnels 
in the ground in very similar places to those selected by Andrena. It includes for 
the most part small bees, certain of its members attaining a length of only 5 mm., 
and in some species they exhibit metallic coloration. According to Fabre (Ann. Sd. 
Nat., 1879) H. lineolatus and sexcinctus exhibit the initial stages of social life. These 
bees live in colonies and the members thereof collaborate in constructing a common 
gallery which ramifies in the soil and affords ingress to the various cells. The con- 
struction of the latter, however, and the feeding of the brood, is the work of individual 
bees. According to Verhoeff H. quadricinctus builds its cells in a single mass instead 
of distiibuting them along the course of the burrow, which is the more usual pro- 
cedure. The species of Sphecodes are small shining black, or black and red, bees with 
a very rudimentary pollen-collecting apparatus. Their economy has given rise to 
much discussion but there appears to be little doubt that certain species, at least, 
are parasites in the nests of Halictus and Andrena. Both this genus and Halictus 
are well represented in the British Isles. The genus Andrena is very subject to para- 
sitism by Strepsiptera, the effects of which may vary considerably among its different 
species ; for an account of these parasites and the morphological changes which they 
induce in their affected hosts, vide p. 541. 

PAM. PANURGIDiE. — ^The members of this small family resemble Andrena in 
habits and construct burrows in sandy or gravelly localities. Panurgus is a genus 
of deep black bees which is represented in Britain by two species. 

FAM. STELIDlDifi. — ^The members of the genus Stelis are black bees with the 
abdominal terga margined with white. The British species are parasitic on Osmia 
hut elsewhere the recorded hosts include Anthidium, Chelostoma, and Ceratina. 
Acceding to Verhoeff (Zool. Anz., 1892) Stelis minuta la3rs its eggs in the cells of 
^smia leucKmeUma and its larvae consume the food stored Idierein, sharing it with the 
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Iq^ltimate mtmttL Wll^ ^ piovisioxis at« consumed tbe OsMsis lair^ 

to that of SUlis and id devoured by the hitter. . . 

FAM« mTOACHILlDiS.-*-^An extensive and almost cosmopolitan family indvding 
Ihe leaf-catting bees and thdr parasites, together iinth the mason bem« The 
Megaehih is well known from its habit of cutting out rounded i^eces from tlm iieaves 
and x^tals of roses and other plants. Leaf-cutting bees rese^le the hive bee in 
general appearance but have broader heads and are rather more robust. Thefr nests 
are formed in the soil, in hollow stems, wood and other situations. The cells are 
constructed entirely of leaves and are thimble-tike in shape : the wall of the thimble 
is formed of layers of large oval pieces of leaves and the lid, which closes the receptacle, 
is similarly made up of layers of smaller round pieces. The cutting process is carried 
out with great neatness and rapidity : the female bee holds on to the leaf with, her 
legs until she has excised a piece of the required shape with her mandibles. Each 
cell is about half filled with a paste of pollen and nectar and an egg is deposited in it 
in the usual manner : new cells are added end to end and, as they adhere to one 
another, a nest consists of one or more strings of these chambers. In India, and other 
hot countries, many species enter houses and block up every available keyhole or 
other small aperture with clay and the material of their nests. The various jspecies 
of Osmia exhibit great diversity of instinct in nest-formation, but generally I choose 
hollow places already existing whether they be in wood, stems, mortar, in empty 
snail shells, C3mipid galls or elsewhere. They are mason bees constructing dplls of 
sand^ soil, or clay held together with a glutinous substance : internally the ceys are 
smooth but externally they are rough in conformity with the material used in the 

construction. Usually about lo to 2d^ cells 
are found in a nest and each is stored with 
a mixture of pollen and honey. Smith re* 
corded a nest of Osmia parietina attached 
beneath a large stone and composed of 230 
cells. O. tfidentata nests in bramble stems 
while the very common O. rufa will form 
its nest in almost any convenient hollow, 
whether it be in the ground or in woo<^, or 
it may take advantage of a keyhole, tmail 
shell or other object. For original obser* 
vations on the habits and instincts of this 
genus the reader is referred to the works 
of Fabre. Bees of the genus Chalicodoma 
construct nests of exceptionally solid 
masonry, often attaching them ^to large 
stones. Several species occur in the south of 
France, one of which, C. muraria, has formed 
the subject of some of Fabre’s most detailed observations on instinct. It is a densely 
hairy insect, larger than the hive bee, and the two sexes are markedly different in 
colour. The cells are constructed of soil particles mixed with the salivary secretion 
of the insect and, during the process of nest building, many small pebbles are incor- 
porated and cemented in position with the aid of this mortar-like material. After 
eight or nine cells have been built, the whole is then plastered over with the same 
substance, and the completed nest assumes a dome-like form about the size of half an 
orange. Notwithstanding the great hardness of these nests, their inmates are very 
much subject to the attacks^of such parasites as Anthrax, Leucospis and SteUs, In 
Antbidium (Fig. 571) the males are exceptional among Hytnenoptera in being larger 
, the females, and like Osmia the species of this genus take advantage of suitable 
cavities rather than construct burrows for themselves. Some of the species are known 
to possess the habit of lining their nests with cottony fibres and hairs, which they 
atrip by means of their mandibles from various plants. The single Bri6sh species, 
: manicatum L., chiefly occurs in the southern counties, and within the ^ttony 

of its nest tiie cells are made of a delicate membrane which serves to retaifi the 
J .atwted honey. Other species have been observed by Fabre to use resin in place of 
cotton for their lining material. 

> ^ Cofhoxys includes a number of bees which are parasites or inquilines in the n^ts 
fA Megachile and Anthophora, while Dioxys has been bred from the cells of 

FAM. XYLOCOPID.^ (Caxpenter Bees).— Included in this family ai» largest 
bees. For the most part they axe black or bluish-black with smoky 
often iridescent wings: over parts of the body the pubcsKsenca 



Fig. 371. — AxrffiDiuM manioatum, Male. 
Britain. 

After F. Smith : reproduced by permission the 
Trustees of the British Museum. 
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yellow, white, or btowo* Although ttmxMisig Bombm in general nppeaxi»>oe th^ 
are more tiattened and less hairy, Xylocopidkt ooour in both hemispheres but are 
mostly dexusens of warm countries : four species axe listed by de Gaulle as ixihatdting 
France. These giant bees tunnel by means of their powerful mandibles into the Solid 
wood of beams, rafters, etc., for a foot or more in depth, dividing their burrows into a 
scries of cells made of agglutinated fragments of wood. A single egg is deposited in 
each cell which is larjgely provisioned with pollen. X, violacea extends as far north 
as Paris and its habits atoacted the attention of R6aumur : both sexes hibernate 
and reappear the following spring. According to Bingham X. rufescens is nocturnal 
and its loud buzzing may be heard throughout moonlight nights in Burma. In a 
number of species of these bees, from many parts of the tropics, the basal concavity 
of the ist abdominal tergum in the female is provided with a median aperture leading 
into a large chitinous chamber. The latter appears always to contain Acari belonging 
to Greenta or other genera (vide Perkins, Ent. Month, Mag, i8q8). The relation 
between these mites and their hosts has not been fully investigated. 

FAM. CERATINIDi®. — The bees of this family ai*e mostly small, nearly glabrous , 
species, frequently of metallic coloration, and their nests are found in the ^ems of 
bramble, elder, and other pithy plants. They are allied to the preceding family and 
are sometimes known as the small carpenter bees. The British species, C. cyanea 
Kirby, inhabits various localities in the more southern counties. 

FAM. NOMADIDi®. — An interesting family of small and not very hairy insects 
which live as inquilines in the nests of other bees. Most of the species are wasp-like 
in coloration and very unlike their hosts whose burrows they frequent without molest- 
ation. In accordance with their habits, their legs are not adapted to carry pollen, 
and their larvae are fed upon the provisions originally destined for the progeny of the 
host species. The species of Nomada live at the expense of various solitary bees, more 
particularly Andrena ; Halictus, Eucera and Pantfrgus are less frequently selected. 
M electa and Crocisa utilize Anthophora as their host while Epeolus is confined to 
Colletes, According to Ashmead the North American Epeolus donatus is not an inqui- 
line, but constructs and provisions cells of its own. Over twenty species of Nomada 
inhabit Britain, and both Melecta and Epeolus are also represented. An account of 
the habits of various sjiecies of Nomada is given by Smith {Cat, of Brit, Hymenopierpt 
in CoU, Brit, Mus,) and Perkins (Trans, Ent, Soc,, 1919). 

FAM. ANTHOPHORIDi®. — ^The solitary bees of this family are, for the most 
part, hairy insects resembling small bumble-bees in form. Many of the species burrow 
m the soil, constructing cells in underground tunnels, provisioning the former with 
a mixture of pollen and honey. Anthophora is one of the widest distributed genera 
of bees and much of what is known concerning their economy is due to Friese (1922-23), 
The large black Anthophora pilipes is one of the earliest bees to appear in spring in 
Britain, 

FAM. EUGLOSSID.®. — Included in this tropical family are the most remarkable 
of all bees. Euglossa inhabits tropical America and its species are beautiful vividly 
metallic insects whose ligulae often exceed the entire length of their bodies. At one 
time these bees were supposed to be social insects but no workers have been discovered. 

FAM. BOMBlDi® (Bumble or Humble Bees). — ^The bees of this family include 
some of the most familiar insects in temperate climates. They are abundant in the 
holarctic region but generally confined to the mountains in tropical countries. They 
are absent from almost the whole of Africa, the plains of India and none are indigenous 
to Australia and New Zealand. The species of Bomhus exhibit, in temperate regions, 
a social fife which resembles that found in Vespa much more closely than that which 
obtains in the hive bee. The societies come to an end in autumn and a certain number 
of the females hibernate to reappear in spring when they form new colonies. The 
most abundant caste is that of the workers but the latter are not clearly distinguish*^ 
able from the queens or females except by their smaller size. Soon after fertilization 
the females hibernate and this phase may be passed either in the ground, or in thatch, 
rubbish, moss, etc. In Britain the period of torpor lasts about nine months and 
according to Sladen (1912) it may commence as early as July, as is in the case of Bomhus 
pratorum. The latter species is astir again in March or April while other species often 
await until May or even June. Each queen seeks out a situation for her future nest : 
the latter may be underground and consists of fine grass or moss formed into a hollow 
ball (Fig. 572), Access to the nest is obtained by means of a tunnel which averages 
about two feet in length. Other Bombi, known as ** carder bees,'* form surface nests 
hidden away among grass, ivy or other herbage. They derive their name from their 
habit of collecting moss and other material used in nest formation and plaiting it with 
the aid of their legs and mandibles. Having formed the nest the next act of the 
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qiaeen is to collect a mass of pollen which is formed into a paste. Upon the top of this 
substance she constructs a circular wall of wax and, in the cell thus formed, she lays 
her first batch of eggs, capping the latter over with a covering of wax. She alk) 
constructs a waxen receptacle, or honey pot, which is filled with a store of honey for 
her own consumption. This store is drawn upon during inclement weather and while 
the queen is occupied in incubating her eggs. The larvae hatch in about four days 
and lie immersed in their food-bed of pollen : the queen further supphes them with 
regurgitated pollen and nectar which is passed to the brood through a hole which she 
forms in the upper part of the cell. About the loth day the larvae spin tough pade 
yellow cocoons and on the 22nd or 23rd day after oviposition the first adults appear 
and au:e always workers. New cells are added to the nest as the season advances, 
and each cell contains on an average about a dozen eggs. The workers convert their 
old cocoons into honey pots and, m some species, additional waxen vessels are also 
constructed. When sufficient workers have emerged, the work of pollen-collecting 
devolves upon them and the queen becomes restricted to the nest. After the queen 
, has deposited about 200-400 worker eggs, according to the species, she lays other 
eggs which give rise to males and queens. Those destined to produce queens ^e laid 
in larger cells than is the case with worker or male eggs, the worker cells bei^g the 


Fig. 572. — Nest of Bombub lbudabiub, 

Afkr Sladen. 

smallest of the three types. Both Huber and Schmiedeknecht state that the male 
and queen cells are not provisioned before the eggs are laid in them, and those larvrr 
destined to produce queens do not appeal to receive any different diet from those 
which will give rise to males. During the intermediate period in the life of the colony 
the females which are produced are smaller than the parentr and are little more than 
egg-laying workers. The large- sized females, together with the males, do not appear 
until the end of the season. The survivors among these females form the next yearS 
colonies : the males, on the othei hand, are short-lived and having once left the nc&t 
dp not return to it. The nest of Bombus usually presents an irregular appearance . 
the larvae, as they develop, increase in size, and their cell becomes distended, and has 
a mammilated appearance. The queen adds more wax to the covering so that the 
larvse always remain hidden, but much of the wax is removed after the cocoons arc 
formed. The cells are only utilized once for rearing purposes and fresh cells are addoJ 
above the old remains. The members of the genus P^tthyrus are inquilines in nests 
of Bombus, each species generally sharing the food and shelter of a particular specK's 
ci host. Furthermore, the colour and size resemblance of the inquiline to the Bombus 
wifik which it is commonly associated is especially striking. This is very evident m 
tfVO abundant British Psithyri, i.e. : P. rupesiris closely resembles B, lapidarius and 
veskUis likewise closely simulates B, luoorum. According to Sladen the above- 
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mentiotied species of Psiihyrus sting the Bowbus queens to death and usurp their 
places in the nests, the Bombus workers rearing the Psithyrus otEsprin^. In such 
afiected nests the population of the host species is naturally greatly reduced in numbers. 
From, the nature of its life Psiihyrus produces no workers and its males and females 
differ from those of Bonihus in their more resistant and shinier integument which, in 
so far as the abdomen is concerned, is less densely clothed with hair. Owing to the 
absence of any polliniferous apparatus, the outer surface of the hind tibia of the female 
Psiihyrus is convex and uniformly hairy, whereas in Bowbus it is more or less concave, 
bare and shiny but marginally clothed with long hairs. In Psiihyrus also, the female 
lacks both the comb at the apex of the hind tibia and the auricle at the base of the 
metatarsus. 

The number of British species of the family depends upon the specific validity of 
certain names (Richards, Trans. Ent. Soc. 75, 1927). Saunders recognizes fifteen 
species of Bowbus and five of Psilhvrus. The biology of these species is described in 
the well-illustrated manual of Sladen (1912) : the works of Friese and von Wagner 
(19x0) and Ilotfer (1882) are also important. 

FAM. APIDi®. — The best known member of this family is the hive or honey bee, 
Apts welhfera. It has probably been more completely studied than any other species 
ot insect, its habits having attracted attention from very early times. The structure 
and biology of this insect have been discussed in many volumes dating from the 
Renaissance onwards, and the details of its economy are so readily accessible that 
only the more important features will be referred to hero. The insect is rarely, if ever, 
found wild in Britain, and has been introduced into almost every country of the globe. 
It is usually regarded as the highest member of the Apoidea, and difterentiation into 
the three forms male, female, and worker is more pronounced than among other 
bees. The male, or drone, is larger and stouter than the worker, and is readily dis- 
tinguishable from the latter caste by the largo holoptic eyes, whose great development 
IS accompanied by a coiresponding reduction of the frontal region of the head. The 
female, or queen, has a particularly long abdomen extending some distance behind 
the closed wings. She performs none ot the functions of nest building, food gather- 
ing, or brood care and lacks the special organs adapted for these purposes. Large 
piosiierous colonies have been computed to contain 50,000 to 80,000 workers, besides 
a queen and a variable number of males. The queen is able to survive for several 
seasons, but the males and workers arc relatively short lived. Summer-hatched 
workers, owing to continuous toil, seldom appear to survive longer than six or seven 
weeks, but those hatched in autumn live to perform the labours of early spring. The 
colonies of tins species arc, therefore, not merely seasonal but are maintained from 
year to year, and are stored with provisions for winter consumption. When the 
population increases beyond the capacity of the hive, swarms arc emitted which 
consist of the queen and a number of workers. In this way the new community is 
fully prepared for both nest building and reproduction. The original colony is 
dominated by a new queen and, prior to her emergence, the old queen is prevented 
fiom destroying her by the workers. The latter, as far as possible, only allow new 
queens to develop when it is desirable to emit a swarm. The virgin queen takes 
what is known as the marriage flight, and is followed by a number of males. Copula- 
tion occurs in mid-air and the fertilized queen then returns to the nest. If a second 
swarm be emitted the same season, a new virgin queen accompanies the workers 
and, as the swarm usually journeys further from the nest than the previous swarm, 
an opportunity is afforded for the queen to be fertilized by a male from another 
colony. At the end of the summer, the workers always eject the males from the 
hive, since they have no further part to play in the life of the community. 

The honeycomb, or structural basis of the nest (Fig. 573) is composed of cells 
which are mostly hexagonal in form, and arranged in two series, placed back to back. 
The separate combs hang vertically downwards and the long axes of the cells are almost 
horizontal. The material used in construction is wax which is secreted by the younger 
workers. It is a product of hypodcrmal glands situated on the ventral aspect of file 
fourth to seventh abdominal sterna. The wax is secreted as a fluid and, according 
to Dreyhng {Zool. Anz. 26), it is exuded through extremely fine cuticular pores, sub- 
sequently accumulating and hardening in the form of thin plates. The latter project 
from pockets situated between adjacent sterna, and the bee removes the wax plates 
by impaling them on the spines of the distal end of the first tarsal joint of the hind- 
leg (Casteel, U.S. Eniom. Circ. 161). The leg is then flexed forwards, and the wax 
*>eized by the mandibles and kneaded into the required condition to form the cells. 
'Hie cells in whicn workers develop are smaller than those destined for rearing the 
males, while the royal cells in which the queens are produced are the largest of all and 
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in form. Other Of tim celhi jbe devoted to ^ etediig of polBeii And 
liOO^. ItL edditioo to wax, the workers 93iao ntilise a resinous substance whitih 
OoSOedE from the buds and other portions of various trees. Thb material is termed 
pnc^lw, and is used as a kind of glue to fasten loose portions of the comb and to fill 
Up cretrices, etc. The queen lays a single egg in each brood cell, and the incubatioii 
I^od is about three days. When the larvae are fully grown, the workers seal up the 
ddls by means of a cover of wax and pollen : thus enclosed the larvae form the so* 
Called cocoons in which pupation tadres place. The complete development of the 
queen occupies approximately 15I days, ihe worker three weeks, and the male 24 
da}rs. The young larvae are at first uniformly nourished on a diet rich in protcid 
(40-43 per cent.) which is provided by the workers. Little is known as to the origin 
of this food but it is usually considered to be a secretion of the lateral pharyngea] 
glan^. The larvae of the queens are fed upon this diet throughout life, while those 
destined to produce workers and males are nourished u|^n honey and digested pollen 
from the fourth day ^ onwards. The subject of sex-determination is a highly complex 
one and it may be said that it is generally agreed that the virgin eggs produce the 
drones and the fertilized eggs the queens and workers. In rare cases, however, w^kers 



Fig* 573- — Comb of Hive Bee (natural size). 

4, UQPty queeo odl ; B, do, torn open ; C, do, cut down ; D, drone larva ; E, F, sealed drone cells ; 0, seaH 
' } ^Arprlter ceils ; JS, old queen cell ; /, sealed honey ; K, pollen masses ; A, pollen ; M, abortive queen cell ; N, 
I emeniiiiS bee ; O, eggs and larva. After Cheshire. 

' ^ may produce queens and other workers from unfertilized eggs (Jack: Trans^ Ent. 
Soc., 1916). 

i A variety of flowers are visited by bees in order to gather nectar, the most im- 
,/?p0rtant being Dutch clover : heather, lime, other clovers, the blossoms of fruit trees 
i and bushes, buckwheat, white mustard, etc., are also largely resorted to. The nectar, 

' when gathered, largely consists of cane sugar which, in its conversion into honey, 
beit^mes inverted into glucose and laevulose. In addition to nectar, bees sdso utiliice 
: Imaey-dew and the juices of over-ripe or damaged fruits. In order to supplement 
y forgoing account the reader is referred to the work of Snodgrass (1925) for 
ajmtpmical details, and for general information, including the theory and practice 
apiculture, to the writings of Cheshire (1886), Zander (1919-23), Root, Langs- 
' : and many others : the literary masterpiece of Maeterlinck (1901) should also 

The only other species of Apis arc the three Indian representatives, A. dorsata, 
and fiorea. Apis dorsata constructs a single huge comb sometimes three or 
l^t in diameter. It is suspended quite exposed from rocks, branches, or iron) 

^ — — 

According to recent work by Nelson and Sturtevant {BhIU 122a, VJS. DeP^* 

the change of diet takes place on the third day. 
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botjdingftk HdB species is easily Irritated aixd readily attacks xnaa or domestic animals, 
sometimes with £stal results. Apis indiisa is a sub-species of mstHfica while A . flcrm 
18 the smallest member of the genus and in some respects transitional between dorsaia 
and indim. 

The genera Meiipona (Fig. 574) and Trigana (vide also p. 545) include about 250 
Species which are mainly neotro^cal with a certain number of members found in the 
tropics of the Old World. They nest in hollows 
in trees and rocks, or in walls, and their colonics 
include enormous numbers of often minute in- 
dividuals (sometimes less than 3 mm. long) known 
as mosquito " or “ stingless " bees : the latter 
expression, however, is a misnomer, since a vesti- 
gial sting is present (vide von Ihering, 1904). 

Both males and workers secrete wax which is pro- 
duced between the abdominal terga : it is usually 
mixed with earth or resin forming a dark material 
called “ cerumen.’* The nest consists of a part 
containing the brood which is separate from that 
devoted to storing honey and pollen. The en- 
trance to the nest usually projects as a conspicuous funnel which is often guarded 
by workers during the day and closed with cerumen at night. For the species of 
Melipona and their habits see Schwarz (1932). 



Fig. 574. — Melipona 
India. 

After Bingham (F.B.I.). 
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Order 22. DIPTERA (Two-winged or True Flies). 


INSECTS WITH A SINGLE PAIR OF MEMBRANOUS WINGS, THE HIND PAIH 
MODIFIED INTO HALTERES. MOUTH-PARTS SUCTORIAL, USUALLY FORMING A 
PROBOSCIS AND SOMETIMES ADAPTED FOR PIERCING : MANDIBLES RARELY 
PRESENT : LABIUM USUALLY DISTALLY EXPANDED INTO A PAIR OF FLESHY 
LOBES. PROTHORAX AND METATHORAX SMALL AND FUSED WITH THE LkRGE 
MESOTHORAX: TARSI COMMONLY 5-JOINTED. METAMORPHOSIS COMPLETE, 
LARV^ ERUCIFORM AND APODOUS, FREQUENTLY WITH THE HEAD REDUCED 
AND RETRACTED : TRACHEAL SYSfEM VARIABLE, MOST OFTEN AMPIHPNEUSTIC. 
PUPA EITHER FREE OR ENCLOSED IN THE HARDENED LARVAL CUTICLE OR 


PUPARIUM : WING-TRACHEATION reduced. 

The I^iptera are one of the largest orders of insects including about 
50,000 described species, and approximately 5200 species are knovm from 
the British Isles. Structurally Dipt era are among the most highly special- 
ized members of their class. The imagines of almost all the species are 
diurnal and the majority arc either flower-lovers, which feed upon nectar, 

etc., or frequent de- 



Fic. 575. -A Typical Cyci orrhapiious Larva ( UniuitA ) 
k, head ; as, ps, anterior and posterior bpiraUes. 


caying organic 
matter of various 
kinds. Although 
these two habits pre- 
dominate, a consider- 
able number of flies 
are predaceous and 


live on various insects which form their prey. In addition to the foregoing, 
there are other Diptera which have acquired blood-sucking habits, and in 


addition to man many other vertebrates, excepting fishes, m^ be resorted 
to by one or other species. Excluding the Anthomyidae and Pupipara,this 


habit is largely confined to the female. The blood-sucking forms include 


almost the whole of the Culicidae, besides the SimuHdae, Tabanidse and 


Pupipara, also certain members of the Chironomidae, Psychodidae and 
Anthomyidae. In virtue of this propensity the order has acquired great sig- 
nificance in relation to medical science. The pathogenic organisms of some 
of the most virulent diseases such as malaria, sleeping sickness, elephan- 
tiasis, and yellow fever are transmitted to man through the intermediary 
of blood-sucking Diptera. 


External Anatomy 

Fhe Head (Fig. 576) is remarkable on accoimt of its mobility and i? 
usually of relatively large size. An extensive portion of its area is occupied 
by the compound ^es which, as a rule, are considerably larger in the male 
than the female. When the eyes of the two sides are contiguous th^ arc 
stated to be holoptic, and when markedly separated dichoptic ; very occa- 
sicoally the holoptic condition is found in the female as well as the male 
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Jo some ^^edes the upper facets are larger ami 0K»e cmis^cooua than the 
lower, a peculiarity rarely seen in the female. It aasmnes its most extreme 
development in the Bil^nidae where the two areas di different facets are 
sharply dd&ned (Fig. 79}. Between or slightly behind the eyes are the 
ocelli : the latter are usually three in number and are generally arranged 
in the form of a triangle : in some families ocdli are wanting. A complete 
Y-shaped epicranial suture is present in Mycdophila but, as a rule, the 
anterior arms alone are evident : among Sc^ophora the epcranial suture 
is totally wanting (Peterson). The terminology of the regio^ of the head 
in general use is confusing owing to the multiplicity of names which have 
been employed : many do not admit of wide application and are often 
devoid of morphological value. In a Muscoid fly the " front ” * is regarded 
as the region between the eyes, and is limited by a line drawn through the 
bases of the antennae and by the upper 
margin of the head. In holoptic flies 
the space between the eyes and the 
basal line of the antennae is the frontal 
triangle ; the triangular region bearing 
the ocelli and often boimded by grooves 
or depressions is the ocellar triangle. 

The region enclosed by the frontal 
suture is the face (facial or mesofacial 
plate) which is demarcated laterally 
by the facial ridges (facialia or vibrissal 
ridges) and distally by the epistoma. 

At the lower extremities of the facial 
ridges aure two prominences or vibrissal 
angles caurying the vibris.sae. The an- 
teimae are frequently lodged in antennal 
grooves or foveas which may be separ- 
ated by a median facial carina. The 
gente (parafacials or checks) comprise 
the region Ipng between the face and 
the amterior margin of the eye on either 
side, while the jowls arc the lower por- 
tions of the genae below the eyes. The 
upward continuations of the genae, 
along the inner border of the eyes, au’e 
known as the geno-vertical plates or parafrotitals. The epistoma is the distal 
border of the face and, in front of it, is a sclerite which is here regarded as 
the clypms (or fronto-clypeus). In many Nematocera the fronto-clypeus 
is a well defined region but in some Brachycera and all Cyclorrhapha the 
clypeus (tormae of Peterson) appears to be separated off as a distinct sdeiite. 
The latter is frequently a crescentic or semilunar plate, lying in the mem- 
brane of the rostrum, and forming the anterior or dorsal wall of the fulcrum- 

The Ptilinum or frontal sac is a characteristic cephalic organ of Cyclor- 
rhapha and its presence is indicated externally by the arched frontal or 
ptilinal suture. The latter lies transversely above the antennae and extend 
downwards on each side of them, thus presenting a n~shaped form. The 
suture is of the nature of an extremely narrow slit, along the margins cA 

* In most IHsjnra almost the vrhole of the anterior surface of the head appears to 

fonoed by the vertex : the true frons is either of very limited extent ot merged 
with the elypene, 



Fig. 576 — Pkontal view of Hbao 
OF A Cyclorrhafhoos Fly (Scbizo- 
fhora). 

i 4 , antenna; C, clypeus; £, eye; JF 5 , IcoqUI 
suture » gena and lower portion Ox at jowl : 
lunulc; LLf labrum-epipbarynx , MP, matiUary 
palp t V, vertex. Ihe numerals refer to th« clwsto* 
taxy (p. 6*4). 
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Fig. 577. — Head of Callipeora (seen 

IMMEDIATELY AFTER EMERGENCE FROM 

Pupa) with Ptilinum p inflated. 


which the wall of the head is invaginated to farm a nrtirobtattotis sac or 
ptilinum, and the walls of the latter are seen to^ransist of the same layers 
as the integument. The outer surface of the ptilinum is roughened owing 
to the presence of minute scales or spines of various forms. Wien viewed 
in sections taken through the head, the ptilinum is seen lying in the cavity 

of the latter in front of the brain. 
Attached to its inner surface in certain 
positions, are groups of slender muscle- 
fibres which apparently aid in retract- 
ing the organ. The function of the 
ptilinum is to thrust off the anterior 
end of the puparium at the time when 
the contained imago is ready to emerge. 
This is accomplished by the sac being 
exscrtcd and distended in front of the 
head, under pressure from within (Fig. 
577). When fully protruded it is in 
the form of a bladder, which presses 
upon the wall of the puparium until 
the latter ruptures. After the emerg- 
ence of the fly, the ptilinum is with- 
drawn into the head cavity and is no 
longer fimctional. The only outward manifestation of its existence is seen 
in the presence of the frontal suture. The ptilinum, however, offers a 
field for investigation both from the developmental and physiological points 
of view : there is also a great deal of doubt as to its presence or absence 
in certain families. In the Aschiza the frontal suture is vestigial or absent 
and no trace ol the ptilinum can be 
detected in the several families. Just 
above the bases of the antennae in the 
Cydorrhapha is a small crescentic sclerite 
known as the frontal lunule : in the 
Schizophora it is separated by the frontal 
suture from the part of the head im- 
mediately above. 

The Antennae (Fig. 578) furnish some 
of the most important characters in the 
classification of Diptera. They are seen 
in the least modified condition among the 
Nematocera, where the flagellum consists 
typically of a variable number of cylin- 
iMcal joints similar to one another. In 
the Brachyccra the antennae are •com- 
posed, as a rule, of a smaller number of 
dissiniilar elements. They consist of 
« or 3 evident basal joints carrying a 
terminal appendage, which corresponds 
to the greater part of the flagellum 
in Nematocera. This appendage may be distinctly annulated or jointed, 
or very much attenuated when it is known as a style. If it is still rnore 
slender and bristle-like it is termed an arista, which is a characteristic 
feature of the Cydorrhapha. Morphologically, there is no clearly maiked 
distinction between a style and an arista ; the former, however, is always 



Fig. 578. — Antennje. A , Mtobtopbi- 
LID, B, Bibid, C, Expib, D, Sarco- 
PEAOA, E, Lbptib, Ft Bombyuvs. 
G, T ARAB us. 
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terminal wMle the latter is usually dor^ and rarely terminal. In the 
C}'clorThapha the antennas similarly coiisist of three basal joints of which 
the 3rd is the largest and most complex and carries the arista. Ihe various 
forms of the arista are of classificatory value, and they may be either bare, 
plumose, or pectinate. 

The Mouth-parts of Diptera exhibit a wide range of structure in 
adaptation to diverse habits, and there are many differences of opinion in 
interpreting the morpholo^ of certain of the component parts. The 
generally accepted homologies as presented by Dimmock (1881) are con- 
firmed by Kellogg {Psyche, 8) who, from a study of the larval head 
in Nematocera, observed that the developing imaginal mouth-parts are 
found in unmistakable correspondence or homologous relations with the 
larval counterparts. A similar conclusion was arrived at by Miall in his 
study of the head of Chironomus. There is, however, much diversity of 
opinion with reference to the homologies of the maxillae and their palpi : 
thus Meinert (1881) contends that the latter are not the strict homologues 
of the maxillary palpi of other insects but of the entire maxiUae. Kellogg 
finds that the palpi in Sitmlium develop in relation with larval maxilla, 
and not with their palpi, a fact which lends some support to Meinert’s view. 

Although the most generadized type of mouth-parts in Diptera is far 
removed from the orthopterous condition, the following features can be 
recognized, (i) The labrum-epipharynx consisting of a dorsal well- 
chitinized labrum and a ventral more membranous epipharynx. (2) 
Mandibles are absent except in many of the blood-sucking forms. (3) 
riic tmxilla are very rarely if ever complete : the basal sclerites may be 
separate and distinct, or either the cardo or stipes may be wanting. A 
single maxillary lobe or galea is generally evident among Orthorrhapha 
and, in a few genera (e.g. females of Simuhum and Tabanus) a vestigial 
lacinia may also persist. The galea is very vanable in development and 
may be almost filiform {Exoprosopa), rod-like {Sciara, Trichocera), or totally 
wanting {Tipula, DoUchopus). The maxillary palpi are particularly im- 
portant for classificatory purposes : they may consist of four complete 
joints, but in the more highly specialized forms they are reduced to single- 
jointed organs. (4) The labium forms the proboscis which is usually 
expanded distally to form a pair of prominent fleshy lobes or labeUa. Recently 
Ciampton (1921) has brought forward evidence which suggests that the 
latter organs are the reduced and modified labial palpi. In most Nema- 
tocera the labella are free, but in the higher Diptera coalescence takes place 
to a greater or lesser degree. With the beginning of coalescence fine trachea- 
hke food channels or pseudiotrachece become evident : they attain their most 
complete development in the Cal5T>ter8B where the fusion reaches its 
maximum. In the majority of Diptera a posterior chitinized plate {theca) 
is present near the base of the labella and is probably the counterpart of 
the mentum (Fig. 581), while the submentum is represented by the median 
membranous area behind the theca. (5) The hypopharynx is probably 
universally present and is either in the form of a lanceolate organ or a greatly 
attenuated stylet. It is perforated by the salivary duct and is frequently 
considerably developed. 

The mouth-parts attain their fullest development in those Nematocera 
and Brachycera with blood-sucking habits. In these forms the trophi, 
with the exception of the palpi and labium, are either stylet-like or blade* 
I'ke, and adapted for piercing. The females, moreover, are unique among 
Wptera in possessing mandibles. In the males the latter organs are rarely 
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present and aie usually atrophied, exc^ in the Simuliidje and ih the 
group CeratopogoninsB. Ihe labrum-epipharynx in these bloodnsucking 
fcmns is grooved or n*shaped, and the h}^pharynx flattened: 'when 



apposed, the two 
elements constitute 
a closed channel 
through which the 
blood is drawn by 
the pumping action 
of the pharynx. The 
hypopharynx c o n • 
veys the saliva to 
the distal orifice of 
the channel where it 
imxes with the blood 
The wound on the 
host IS made mther 
by the mandibles 
alone, or in conjunc- 
tion with the galeae 
of the maxillae. The 
labium takes no part 
m piercing : it is 
grooved dorsally and 


Fro 579.— Mouth-parts of i. Coux ; a, Cxot^utA hlpaus. 

At antenna. hypopharynx, L, labium, ir, Ubrum ppipharynx , ilf# 
mandibles, Mi, maxilUa and MP, palpi, (a after SUphrns and Newstcad) 


serves as a sheath 
retaining the other 
appendages when at 


rest (Fig 579). In 

the Tabanidae (Fig. 580) both mandibles and maxillae are flattened and 


blade-like, minutely serrated 
hke a double-edged swoid, 
and overlies a similar but 
more slender hypopharynx. 
In aiddition to functioning 
as a sheath for the other 
mouth-organs, the labium in 
Tabanids is also an organ 
for imbibing liquid matter 
from moist surfaces, which 
is absorbed by the pseudo- 
trachese present on the 
labelk. In the Culicidae 
(Fig. 579) specialization hats 
been carried a step further, 
aU the mouth-parts are more 
elongated and the piercing 
organs are modified into ex- 
tremdy fine needle-Uke sty- 
lets. The labella have many 


distally : the labrum-epipharynx is shaped 



sensory hairs on their dis- 
tal margins and are mainly tactile in function : the method of feeding 
in this family is dealt with on p. 643. In the predaceous Bradhycera 
and Empidse) the labium is hardened and homy with the labella 
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small, and tisaally with iMK»ly develc^ed {tseudotrodheaa. The feaJeue ace 
ngid and blade^li^, bi^g soemingly adapted for perforating &e preyt 
both the labiiim-epii^utfynx and hypopharynx are la^ and strong. 

In most Cyclotrhai^ all the mouthH3grgans contribute to the formatton 
of the proboscis. Its morphology is difficult to appreciate owing to the 
modification which has resulted through the reduction of the maxillse, and 
the mcreased development of membranous areas, in order to impart to the 
organ the maximum flexibility The anatomy of the proboscis has been most 
fully studied m CaUtpkora (Fig 581). In this genus (Graham-Smith, 
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Fig. 581 — Proboscis of Callipeoka K, Frontal, B, Lateral View. 


A apodeiiiie(4( 

/ Jabduon: Lh mwuut cpipuwytu , i»,muuia, asf', lun 

p«>eudo*tncoeB, PTt penstomial teeth, SD, salivary duct 


es), Cl clypeus, DS discal scierite , V furca, lU fulcrum, If, bypophirynx , HV,hyoidtcl«rll#| 
il^m epipharynz , Af,^iwuth, Af P, maxtUary^^*^ , OG, oral groove , P, oouse of pharyos ; 


^930) it consists of a proximal and somewhat cone-shaped basal pmtion 
or rostrum, and a distal portion oxhausteUum. Morphologically the rostrum 
belo^ to the head and carries antenorly the maxtUary palpi. Situated 
Within this region is a complex framework of chitm known as the fulcrum, 
which forms a kind of case enclosing the pharynx, and is present in almost 
all IMptera The proximal portion of the fulcrum is quadrangular in 
^ction, and the distal portion U-shaped, the anterior or roof-like portion 
l^^mg wanting in this region. The superficial or anterior portion of the 
lulcrum is hinged basally to the oral margin Between the loww end of 
the fulcrum and the base of the labrum-einpharynx is a small U-shaped 
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hyoid scUrite nvtiidi lies on the phaiyngeal wall, and serves to keep the hunen 
of the pharynx distended. The haustdlum carries the labrum-epipharynx 
and the h 3 rpopharynx on its ant^ior (or dorsal) face, and these organs are 
situated in a furrow formed by its projecting membranous sides. The 
haustellum is continuous with the apex of the rostrum and, on its posterior 
aspect, it is strengthened by the theca. The latter articulates dist^y with 
a short rod or furca, and arising therefrom are two divergent arms which 
form the principal skeleton of the oral lobes. The membrane investing 
the oral or distal surface of the labella contains a series of food channels 
or pseudotrachea which pass from its outer edges to the inner margins 
These channels are kept open by a framework consisting of a series of 
incomplete chitinous rings which impart to them an appearance resembling 
tracheae. Each ring is bifurcate at one end and single at the other — ^the 
single and bifurcate extremities alternating. The pseudotracheae open on 
the external surface of the oral lobes by means of the spaces whjcfh lie 
between the forked extremities of the chitinous rings : inwardly they, com- 
municate with the oral aperture. The latter is situated in a small or^l pit 
between the labella : the sides of the depression are bordered by a row of 
prestomal teeth which are greatly developed in Ochromyta and blood- 
sucking Muscids. The proboscis is adapted for sucking up liquids, and 
none but the most minute solid particles are able to enter the food channels. 
Under certain conditions the labella may be strongly reflected which allows 
of the protrusion of the prestomd teeth and their use as rasping organs 
When this occurs food can be sucked directly through the oral aperture which 
admits particles of larger size than could traverse the pseudotracheae 
When the proboscis is protruded, the rostrum is extended by means of the 
distension of the lateral air-sacs at its base, and probably of certain of the 
cephalic air-sacs also. The haustellum, on the other hand, is brought into 
use by means of the contraction of its extensor muscles and, finally, the 
labella are extended and rendered turgid by means of blood-pressure. The 
retraction of the proboscis is brought about by the contraction of its 
numerous muscles. 

In the blood-suoking Anthomyidae and the Pupipara the proboscis 
itself has become modified to form the prmcipal organ of penetration. It 
differs from that of most Cydorrhapha in its homy consistency and swollen 
bulbous base : owing to the elongation of the haustellum the proboscis 
can no longer be concealed when retracted. In Stomoxys the labdla are 
small oval lobes, devoid of pseudotracheae, and have their outer membrane 
provided with plate-like chitinous teeth adapted for cutting. The labrum 
epiphar 3 mx and hypopharynx are shorter than the proboscis and, conse- 
quently, do not perform any part in the making of the wound : they have, 
furthermore, thin and flaccid distal extremities. In Glossina (Fig. 579) 
the {n^bosds is embraced by the elongate palpi when at rest, and speaal- 
ization has proceeded still further. The labella are even less evident, and 
the slender labrum-epipharynx lies throughout in dose contact with the 
labial groove and, for this reason, has lost much of its rigidity. In Hippo- 
hoscfi, Olfersia and their allies the basal portion of the proboscis is sunk 
within the head, the distal part of the organ alone being visible. It bears 
no labella but the cutting teeth exhibit a bi-lateral arrangement. The 
labmm-epiphaiynx is much stouter than in the preceding genera and, 
instead of lying within the labial groove, it forms the roof of the latter 
The Ir^opharynx in Hippohosca is a slender flattened organ containing 
(he salivary duct between its two layers : at its upper «id the dorsal lannn# 
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fuses with the epiphajynx and the ventxat lamina meifes into the li ning of 
the labial groove. 

The principal general papers regarding the mouth-parts of Diptera are 
those of Bimmock (1881), Hansen (1883), Meinert (1881), Kellogg (1899), 
Peterson (1916), and Frey (1921) : for the Pupipara and Glossinaiht reader 
is referred to papers by Jobling (1926-33). 

The Tentorium w characterized by three pairs of arms and a reduced 
body : the primitive invaginations persist to a greater or less degree in most 
Diptera as intra-cranial tunnels. As a rule the most prominent invagina- 
tions are those-of the anterior arms (well seen in Chironomus and Anophdes) 
which are situated some distance below the antennee, and are often located 
within the arms of the V-shaped suture. The invaginations of the dorsal 
arms lie just below the bases of the antennae, but as a rule they are wanting : 
those of the posterior arms are situated near the ventro-lateral margins of 
the occiput (Peterson, 1916). 

The Thorax (Fig. 5®2) is characterized by the great development of its 
median segment which carries the wings, and the correlated reduction of 
the segments in front and behind it. The two latter regions are little more 
than anterior and posterior bands, whose active function is the support of 
the fore- aind hind-le^. The consolidation of the three segments is so 
complete, particularly in the higher Diptera, that it is difficult to determine 
the homologies of the various plates with any degree of certainty. The 
views that are held on this subject are so divergent, and the terminology 
so unsettled, that it is only possible to deal with it very briefly in the space 
available. The sclerites are well exhibited for preliminary study in Tipu- 
lidae, but among Cyclorrhapha real difficulty wiQ be experienced owing to 
the specialization which has resulted. 

The pronotum in Tipulids is represented by a band-like scutum and 
scutellum, but is stiU more reduced in the higher Diptera. The mesonotim 
forms the greater part of the dorsal aspect of the thorax and is clearly 
(hvisible into prescutum, scutum and scutellum : the post-scutellum of 
this segment is well developed in Tipulidae, Culicidae, and other Nematocera, 
but is narrow among the higher Diptera. The boundary between the 
prescutum and scutum is known as the transverse stUure and, although 
complete and V-shaped in Tipulids, it is generally incomplete in the mid^ 
line in other Diptera. On the mesonotum are certain more or less prominent 
lateral swellings on either side, which are recognized by systematists, amd 
known as caUi or callosities. The pre-alar caUus is situated just above the 
loot of the wing, while the humeral caUus forms the antero-dorsal angle of 
the prescutum, and the post-alar callus constitutes the prominent postero- 
dorsal angle of the scutum. The metanotum is always reduced and band- 
like, and is continuous laterally with the epimera. 

The pleura do not present any serious difficulties among typical Nemato- 
cera and Brachycera, and both epistema and epimera can be recognized 
in each segment. Among Cyclorrhapha, however, the interpretation of 
the pleurites is in a far from satisfactory condition, and the extensive use 
of ch*totaxy for classificatory purposes demands the definition of these 
plates with precision. The terminology of Osten-Sacken, although^ of 
limited apidication, much to recommend it for the somewhat paradox!^ 
reason that it has no strict morphological value. In cases where homologies 
are uncertain and extremely (hfficult to determine, a purely com’entimial 
terminology presents more ^haTir«»s of fixity, and can coexist with the growth 

a more scimtific system, based upon increasing knowledge of comparative 
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morphology. In Osteqi^-SadlEm'li iidmeiK^m« the ftmn^ reg^km we 
i^ti^ Iti nktim to certain well-dehned enturee. (z) the notopimral 
mOorit running from the htuneral callus to the wing base, thus sroaretirg 

the meaonotum tram the 
pleuron: (a) the stemo- 
pimrdl stOuro, running 
below the notoideural 
suture and separati^ the 
mesopleura from the $ter> 
nopleura: (3) the mm- 
pleural suture, passing 
downwards from the wing- 
base to the middle coxa. 
The mesopieuron is the 
area in front of the r^t of 
the wing between the noto- 
and sterno-pleural 
sutures : the pteropleiuron 
lies below the root of i the 
wing and behind suture 3 : 
the stemopieuron is situ- 
ated below suture 2 and 
above the anterior coxa • 
the metapleuron lies behind 
the pteroplcura and to 
the outside of the meta- 
notum: the hypopleuron 
is the region above the 
middle and posterior coxae 
and below the meta- 
pleuron (vide Fig. 582). 
For further information 
on the thorax of Diptera 
vide Snodgrass (1909), 
Osten-Sacken (1884) and 
Crampton (1925). 

Chatotaxy.— The 
study of the arrangement 
of the macroduBta or 
differentiated bristles of 
flies, is termed by Osten- 
Sacken chetiotaxy. His 
important paper (1884) 
emphasized the value of 
these structures for dassi- 
ficatory purposes, and 
their application has been 
greatly extended by took 
recent writes, notably 
{Simdmer. A knowledge of chsetotaxy is essential for the systematic study 
' Oiptara and the following are the most important of the macrochietu 

576. 582). 

csKBAtic SBi8XU(S.>-i. Vertical ! iimar and oatar oaiis aitnated djpw to av> 



FlO* aiSa^-^TiiORAX OF A, Luciua cjssah X ix; B, Coitf- 

/ MFJU DORSAL VIEW X XI* 

' lituia: if Si uitkqaama ; C,calyptra; H, hypopleuroa ; HC^ humeral 
’MOia: ITLihalten; M, mesopieuron ; metapleuron; i’.pteropleuron; 

iC. sttt-alar oaUui; PtC, post-olar callus: 5, stemopieuron; T?, trans- 
nmtttun; W, wtng-bafle. The numerals refer to the cluetotaxy, vide 
p. das* Adapted from Surcouf and Gonzalez-Rlnconea. 


tm'wtms «is 

raitJunr lMtiiiad teiwr cmut of&ts«^. %. PM^mtieidt JnBt iM^d Hm 

occdOi. OtaUfm' i w» pair k iM ttridliai' ttiasgle, 4. Ptemfi % doQbte t<m ia 
front oi libe opoiili. mctontAl to tlia firontal anture. often deeoMKlinl; to the baae of 
anteatUB, 5. FtoHto-ofbiM : One or more on each side of tiie front near the othit, 
behind 4. and inunediateisr belowr x. 6, Facial : a senes above 7, on eilher side 
the ioM sKtemal to the antennae. 7. Vibrissa : stout, placed dose to ‘&e a^d«i« at 
the epistoma. 8 . Post-orbital : a row nearly parallel with the posterior marein ol 
the eye. 

B. TBOKACic BRiSTi.BS. z. Humeral : one or more on the humeral Cidlus. e« 
Posthumtrdl : neatf the inner edge of the humeral callus. 3. Hotopleurat : one pair 
between the humeral callus and the base of the wmg. 4. Presutural .* one or more 
unmediately in front of the transverse suture on either side. 5. Supra-alar : between 
3 and 7a above the tx>ot of the wing. 6. Intra-alar : several between 5 and 8. 7, 
Post-alar : ^ behind 5, on post-alar cellus. 8. Dorso-central : a row on either side of 
9, on the inner part of the mesonotum. 9. Acrostichal : a row along each dde erf 
median line. 10. Scutellar ; along the margin of the scutellum. , 

c. lATBRAL THORACIC BRISTLES. II. PropleuTol : imme^ately above coxa of 
fore-legs. 12. Mesopleural : on the mesopleura. 13. Stemoplemal : on the meso- 
sternum. 14. Metapleural (tnchostichal) : on the metapleura. 15. HypopieurOl t 
on the hypopleura. 

D. ABDOMINAL BRISTLES. I. Marginal : inserted dorsally on the margins of 
the segments (Tachinida). 2. Discal: one or more pairs near the middle of the 
segments. 3. Lateral : one or more near the lateral margms of the segments. 

The Legs do not call for any detailed mention and, except in a few 
abnormal forms, the tarsi are 5-jointed, In many Acalypterae a differen* 
tiated bristle is present on the outer border of the tibiae, a short distance 
below the apex, and quite distinct from the tibial spurs. It is known as 
the ftreapical bristle and considerable importance has been ascribed to it 
for dassiiicatory purposes. For the same reason the pads of the feet are 
noteworthy ; thus, pulvilli may be wanting or vestigial in many Nema* 
tocera, or may be replaced by a single pad-hke arolium (Scatopsinse). In 
the Stratiomyidae, Tabanidse, etc., both the pulvilli and the arolium are pad- 
like, while among the Asilidae there is a stiff and bristle-like empodium. 
Two pad-like pulvilli are the rule among Cyclorrhapha. 

Wings are usually present but are wanting or vestigial in a certain 
number of forms. Apterous or sub-apterous species axe principally found 
in maritime and insular genera (Clunioninae, Ephydridae, etc.), parasites 
(Pupipaura), and among species inhabiting ant’s and termite’s nests (Fhoridae, 
TermitofUastus). Occasional apterous species, not associated with the 
above modes of life, occur in various families, notably Chionea, Epidapm 
(female) and certain Borboridae. 

The venation of the more generalized members of the order diows a 
tolerably close approximation to the hjqiothetical primitive type, the chief 
differences being the atrophy of Cu« and the vestigial condition of 84 and 
3A. Neither accessory nor intercalary veins are developed, and only the 
chief cross-veins are present. A very primitive dipterous wing is seen in 
the Tipulid Proioplasa which exhibits adl four branches of Rs and M, while 
there is no tendency towards the apical coalescence of adjacent veins. It 
has been pointed out by Comstock that in all Nematocera, in which Rs is 
3-branched, R| and R, remain distinct : while in those Brachycera that 
have Rs 3-branched (Fig. 584) R4 and Rt are separate. Among certain 
othfa* of the Brachycera Rs is 2-branched only, and this condition obtains 
Among the Cyclorrhapha. According to Tillyard Cu* of Comstock is in 
reality M4, while its basal section is Comstock’s m-cu cross-vein. Thf^ 
htteiing of the venational figures is in accordance with this interpretation. 

On ttie posterior margin of the wing, near the base, thme is fiiequeotiy 
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WITH Halteres replaced by Hind Wings 
W. 

AfUr T. H. Morgan, PuU Carnegie InH 327* 1923 


a free lobe or alula, and on the inner side of the latter there are often one or 
two additional lobes or squamae (arroneously termed tegulae). When two 

sqaamse are present, the one 
nearest the alula is known as 
the antisquama (antitegula), the 
squama being the lobe nearest 
the thorax (Fig. 582). In the 
Calypterse the squama is large, 
usually covering the haltere, 
and is often referred to as the 
calyptron (or calypter). All 
three lobes are well seen in 
Musca and Cattiphora, 

With the exception of i 
degenerate apterous formi 
Melophagus, Braula, etc.),\ 
teres (balancers) are univer^ 
present among Diptera. 
develop from the dorsal meta* 
thoracic wing-buds, and are 
consequently the highly modi- 
fied counterparts ot the pos- 
terior wings. Further proof 
of their alary origin is also afforded by certain mutations described by 
Morgan in Drosophila in one of which the halteres are replaced by hind- 
wings with clearly re- 
cognizable venation 
(Fig. 583). Each hal- 
tere consists of a 
dilated basal portion or 
scabellum, which sup- 
ports a delicate pedicel 
or stalk, surmounted 
by a knob-like ex- 
tremity or capitellum. 

The scabellum articu- 
lates freely with the 
metathorax, and is 
moved by four muscles 
arising from its proxi- 
mal border (Lowne) : 
the halteres are, therc- 
fcare, freely movable 
and are capable of 
vibration. It is in the 
scabellum that the 
principal sensory struc- 
tures of the haltere 
are located. These 
consist in CaUiphora of 
tteee groups of minute so-called chordotonal organs invested by a tins 
itetegiunent, and three highly sculptured elevations of the cuticle containing 
i and more complex structures— the two scapal organs (scalse of Towne) 



INTERNAL ANATOMY 6^ 

and &asa/ organ (cupola of Lowne). Both scapal and basal organs 
exhibit thin transparent areas, each of which overlies a minute vesicle 
enclosing a central refractive spot. The cavity of the haltere contains 
blood and a fine tracheal branch. The nerve suppl}ring this appendage is 
the largest in the thorax. Binet (1894) has demonstrated that the majority 
of its fibres arise from the brain, and traverse the thoracic ganglia on 
their course to the metathoracic centre ; from there they pass onwards 
to the scabellum, and are distributed to the several sense organs (vide 
Lowne, 1890, and Weinland, 1890). Very diverse views have been hdd 
with regard to the function of the halteres (Jousset de Bellesme, 1878). 
They are usually regarded as static organs receiving sensations enabling 
the insect to co-ordinate its movements during flight : it is likely also that 
they are capable of appreciating sound vibrations. Experiments conducted 
with certain species show that, if the capitellum and part of the pedicel of’ 
a haltere be amputated, flight becomes clumsy and diflicult : if both halteres 
be treated alike the power of flight is almost entirely lost, and insects so 
mutilated can only fly a few centimetres, and usually fall vertically when 
thrown into the air. 

In the Abdomen the first segment is usually atrophied and the second 
much reduced. Of the segments that follow the 3rd-iith are present in 
Tipula, but among the Cydorrhapha the number is diflicult to ascertain, 
and rarely more than 4 or 5 are evident without dissection. In Dacus 
Miyake (1919) finds ii segments present in both sexes, the ist segment 
being represented by its reduced sternum. In the female Musca the visible 
segments are the 3rd to the 6th, while the 7th to loth segments form the 
retractile ovipositor. The latter organ is formed in this manner in the 
majority of Diptera, but in the Tipulidae a valvular ovipositor is present 
(Snodgrass, 1897). In the male the 9th and loth segments are curved 
ventrally forming the hypopygium which may undergo a twist through 180®, 
or more, in various families. This results in the relations of the parts being 
inverted or displaced, with the anus often below the aedeagus and the 9th 
sternum may be dorsal to the tergum (Lamb, 1922). The claspers consist 
of a large basal sderite and a movable distal piece, while the aedeagus and 
its accessory structures lie between the 9th and loth sterna (vide Edwaurds, 
Ann. Trop. Med. and Parasit. 1920). 

Internal Anatomy 

The Alimentary Canal is generally but little convoluted among Nema- 
tocera, but is more coiled among Brachycera. In the Cydorrhapha it ex- 
hibits greater complexity, its length being much increased mainly owing to 
the greater extension of the mid-intestine (Fig. 109). 

The bitccal cavity and pharynx, or the latter alone, form the sucking 
apparatus by means of which the food is drawn up through the proboscis 
and passed into the oesophagus. The original circular lumen in these parts 
becomes modified, and the chitinous lining is developed as two or three 
hardened plates. The latter afford a basis for the attachment of dilator 
musdes, and are capable of being drawn apart by their contractions. In 
this manner the lumen is increased, and the food sucked up through the 
siphon formed by the mouth parts. In Tabanus both buccal and pharyngeal 
pumps are present, but in Bombylius the pharynx alone perfonns the suo- 
torial funbtion. Similarly in Eristalis, Musca and other Cydorrhapha, the 
chief pumping agents are the dilator pharyngeal musdes, the bucoal cavity 
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oaily functlcming as a conducting diambet. In Ctdiddse tlw tmceal can^ 
is provided with dilator muscles but the {nindpal pumc^ •apparatus, or 
pha^x, diSers from that of other Diptera in being situated behhid the 
brain. The blood is hrst pumped into the buccal cavity and from thence 
it passes into the pharynx, a valve situated between these two regions pre- 
duding a return flow. 

The cesophagus passes through the neck into the thorax where it divides. 
One branch enters the proventriculus and the other is continued backwards 
as the slender duct of the food reservoir. The proventriculus is the homo- 
k^ue of the gizzard and has a well marked musculature : it nevo: contains 
daiticles and a valve is usually present. The proventriculus is wanting in 
PhleboUmus, SimuUum and Cuhcoides, is elongate and tubular in Tabanus 
and in Cyclorrhapha it is much reduced and disc-like, mainly consisting of 
’ its valvular portion. The food-reservoir (or crop) is the most charactetdstic 
feature of the digestive canal. It is situated in the anterior region oE the 
abdomen and is, morphologically, a diverticulum of the cesophagus. I Al- 
though present in most families it is wanting in certain Asilidae, (Estnda: 
and in Hippobosca and Melophagus. In Musca it is a bilobed sac with 'V^ 
thin walls composed of a single layer of small flattened cells, external to 
which is a network of muscle fibres ; internally it is lined by a delicate 
cuticle. The usual position of the food reservoir and its duct is ventral, 
but in Tabanus these parts are dorsal. In the Culicidae, instead of a single 
sac, three oesophageal diverticula are present, of which two are dorso-lateral, 
while a third and larger sac is ventrad. The function of the food reservoir 
is that of a storage chamber into which the nutriment is passed as it is 
sucked up ; its contents then become gradually emptied into the mid-gut. 
The time the food remains in the reservoir varies greatly : thus in Musca 
it may not be emptied for several days, while in Tabanus it is usually empty 
and possibly its contents are quickly regurgitated into the mid-gut (Patton 
and Cragg). As a rule, after a meal the reservoir is distended with food, 
as has been demonstrated by allowing flies to feed upon a coloured liquid. 

The mid-intestine in Nematocera is a p 5 niform or fusiform sac : in the 
Culicidae its anterior region, or cardia, is elongate and tubular, and leads 
into a dilated chamber or stomach. Among Cyclorrhapha the mid-gut is 
no longer dilated but is tubular throughout, and thrown into numerous 
convolutions. It is divisible into an anterior region— the ventriculus or 
cAyfo stomach, followed by a narrower and much longer proximal intestine. 
The Malpighian tubes are generally four in number : in most Cyclorrhapha 
they arise in pairs from a common duct on either side. Psychoda and the 
Culicidae are exceptional in possessing five Madpighian tubes : in Culicotdes 
thore are only two (Bugnion). 

The hind-intestine is divisible into the distal mtestine and redum. The 
former, in many Diptera, is naturally separable into a narrow coiled ikuw 
and a wider re^on or colon. The rectum is a pyriform or rounded chamber 
provided with a variable number of papillae which may be either two 
\pkifonomus), four {Musca, Calhphora, etc.), or six {Anopheles and Tabanus). 

The Salivary Glands are usually elongate and tubular but exhibit 
great variation in length. In the Culicidae they are situated in the thorax 
and each gland is trilobed : a layer of secretory cells surrounds the cavity 
•Of each lobe, and the smaller central lobe (formerly known as the poison 
differs somewhat in histological features. The common silivarf 
dhet >passes to the base of the h3qx)phajynx, where it expels the secretion 
4oun the salivary groove to the apex of that organ, In the Talxaddse the 
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glaiMS^ «xt«Ad into tl]« aatctior port of the ^dtbdomen, mrhae in UmiM thejf 
are oonsidemldy longer tiian the total length of tlte body. 

ifdktal (Sbuida are frequently present on the proboscis at the bases of 
the labella. In Musca they are spherical aggregations of gland cells. 
Acwjrding to Hewitt (19x4) the dncts are intra-ceUtdar, each arising from a 
vacuole. ^ They^ pass outwards from the gland to form a numb^ of larger 
ducts which unite and open into the oral pit by means of a pair of median 
pores. The secretion of the labial glands serves to moisten the surface of 
the labella. 

The Nervous System (Brandt, 1879, Kunckel d’Herculais, 1879) 
presents many modifications, almost every transition being found between 
the Nematocera, with 3 thoracic and 7 abdominal ganglia, and the Calyp- 
terae in which all of the ganglia of the ventral chain are fused into a single^ 
thoracic mass (Fig. 65). There is, furthermore, a marked relation between 
the degree of concentration of the nervous system and specialization in other 
directions. A graduated series illustrating the progressive concentration 
of the nervous system may be exemplified as follows. 

I. Two or three thoraac centres and always six abdominal centres : ist abdominal 
ganglion umted with the metathoracic and the 7th and Stli abdominal ganglia fused (most 
Nematocera also Asihdm, Empidae, Bombylidae and Xylophagus). 2. Three thoracic and 
five abdominal centres (Scenopimdae). 3. Two thorac<c and four abdominal c«itres 
(Therevidse). 4. Two thoracic and no abdominal centrer (Dohchopodidae). 3. One 
thoracic and five abdommal centres (Tabamds, Stratiomyidse). 6. One IhOTado 
and two abdominal centres (Syrphidiie) 7. One thoracic and one abdominal centre 
(Conopids and most Acalypterae). 8. A single thoracic centre (Calypters and Pupi- 
para). 

In the Nematocera, and also the Leptidse and Asilidae, the nervous 
system of the imagines exhibits only a slightly greater concentration than 
in their larvae. Stratiomyidae, Syrphidae, Conopidae and certain Acalyp* 
terae exhibit decentralization in the imago compared with the larva. In 
the Calypterae and Pupipara the concentration of the lamval nervous system 
is persistent in the imago. In Musca and other Cal5q)teraB the nervous 
system exhibits the highest stage of concentration. The brain and infra- 
oesophageal ganglion are closely united to form a compact mass perforated 
by a foramen for the oesophagus. The thoracic and abdominal ganglia 
are intimately fused to form a common gangUonic mass situated in the 
thorax. Posteriorly, the nervous system is prolonged as a median ab- 
dominal nore giving off lateral segmental nerves, two pairs in the thorax, 
and the remainder in the abdomen (Fig. 65D). 

In the Female Reproductive System there is a variable number of 
polytrophic ovaiioles (Fig. 585). The latter are fewest in number in iMVi- 
parous species : thus in (^ssina, Musca bezzi and Termitoxenia, a ^gle 
ovariole is present on each side, while in Mehphagus and Htppobosca there 
are two. The majority of Diptera, however, are oviparous and the ovarioles 
are much more numerous, their number varying from about 5 to over 
100. In Chironomus the morphology of the ovaries is peculiar: each 
consists of a central axis radiating out from which is a large 'number^ of 
short ovarioles, the whole being endosed in a delicate membrane (Miall 
and Hammond). 

Spermathecae are universally present: they are usually conspicuous 
^k brown or blade globular sacs, lined with diitin. There may be a 
single spennatheca present {Anopheles, Simulium), or two {Mansonia, 
Phlebt^omm, Daetts), or three {Cukx, Stegomyia, the Tabanids and most 
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Calypterae). A pair of tubular ac^ssory glands is usually ptesent opening 
into the dorsal region of the vagina. Small and unpaired in Attophdes, 
they are large in Tabanids, dongate and filiform in Musca, Hypodenm, 
and most other Calypterae, Their normal fimction appmently is to 
secrete a viscid substance which enables the eggs to adhere to one 
anotho: or to the substratum upon which they are laid. In Glossina and 
the Pupipara they secrete a milky fluid which serves to nourish the intra- 
uterine larva 

Viviparity is not infrequent aunong Cal5q)terae and is of general occur- 
rence in the ^pipara : among other Diptera it is exceedingly rare but 
occurs in Chironomus stercorariut. Viviparous Diptera may ^ divided 
into two main groups as follows (Keilin 1916) : — 


GROUP I. — Speaes whose larvae hatch from the eggs in the uterus of the j^ent 
but exhibit no speaal adaptations to an intra-utenne life. Included in Ihis^oup 



Fig. 585. — FsHAtB Reproductive Organs. A, Ciosuba paipaui, adapted 

ROUBAUD, 1908, B, MitAAOCMJttlA HIPAKIA AFTER KCILIN, 19X7. 

0g, accessory glands , d, dilator muscle of vagina v, pd^pv, dorsal and ventral motractor muscles of uterus, ft; r, letrac 
toes ctf same ; ov, ovary , s, spermatbeca Hie numerals m A refer to the rdative ages of the oocytes 

are numerous Tachimdae which produce a large number of minute eggs and the larvae 
emerge within the uterus which is greatly elongated for their reception. In some 
$peaes the larvae hatch outside the parent, immediately after the eggs have been laid. 
Larviparity is characteristic of the Sarcophaginae, but in this group ^e eggs are larger 
and fewer : usually 40 to 80 are produced at a time and the larvae are deposited m 
their first instar. In a number of other species (I herta muscarta, Mesewbrina mertdi- 
wm, Hylemyta stngosa, Musca laruipata, Dasyphora pratorum, etc.) a single very 
toge egg IS product at a time and the parental uterus is enlarged to form an incubat- 
ory pouch. In these instances the larva is retained for a variable time within the 
parent before deposition and the extreme condition is afforded by Dasyphora pratorum 
in which it has attained its 3rd instar at the time of extrusion. 

GROUP II includes Glossina and the Pupipara. The larva lies in the uterus of the 
parent and is nonnshed by the product of special nutritive glands. The secretion is 
discharged at the apex of a papilla and absorbed directly through tlie mouth of the 
larva. Ihe following speaal adaptations to an intra-uterine life are exhibited. The 
btiecil apparatus is reduced to a single basal sdente : the mid^gut is a closed sac 
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ivbieh does commuaioste with the faiad intestine and. moreovegr, Is gxeatly ekm« 
gated to form a food reservoir ; there are no salivary glOnds. The hind intestine is 
greatly shortened and forms a receptacle for the accumnlation of waste pr^ucts 
excreted Xxy the Malpighian tubes. The larvae when deposited are mature and shortly 
afterwards pupate. 

In the Male Reproductive System (Keuchenius, 1913) the testes are, 
as a rule, ovoid or pyriform and frequently pigmented. Ihe vasa deferentia 
are generally short and become confluent distally to form a common ejacu- 
latory duct. In association with the latter, in many Diptera, is a muscular 
ejaculatoiy sac probably concerned with regulating the discharge of the 
seminal fluid. Paired accessory glands are often present. 

In Chironomus, PhUbotomus and Tabanus the first portion of the common 
genital canal is enlarged and functions as a vesicula seminalis from which a 
narrow ejaculatory duct leads to the aedeagus ; in these genera accessory * 
glands are wanting. In Ctdex each vas deferens enlarges distally to form a 
vesicula seminalis, and two pyriform accessory glands open into a very 
short ejaculatory duct. In Musca there are no accessory glands and the 
ejaculatory duct is a long winding canal : CaUtphora (Fig. ibo) resembles 
Musca but differs in the presence of accessory glands. In Dacus the latter 
consist of about 16 blind tubuli (Miyake, 1919), while in Hypoderma there 
Ls a small unpaired globular gland. In the Ihipipara the genital organs 
attain their greatest complexity, and the testes are in the form of compactly 
coiled tubiali resembling balls of thread. The reproductive organs of Glossina 
resemble those of Pupipara rather than of Anthomyidae, the testes being 
similar densely coiled tubes. The ejaculatory sac is an organ of variable 
structure : in Musca it contains a chitinous, phylliform ejaculatory apodeme 
which aids in propelling the seminal fluid along the genital canal during 
copulation (Hewitt). In Dacus the ejaculatory sac is very large, while in 
PhUbotomus its place appears to be taken by an organ termed by Grass! 
the “ pompetta ” — a piston-like chamber provided with a movable rod : 
since the opening of the ductus ejaculatoiius is nccir the lower end of this 
chamber, the latter is believed to regulate the seminal flow after the manner 
of a pump. 

The Heart has been very little investigated : in Musca (Hewitt) and 
CaUtphora (Lowne) it is divided into four large chambers, corresponding 
to the visible abdominal segments, and a small anterior chamber : each 
chamber in Musca has a pair of dorso-lateral ostia at its posterior end. 
Anteriorly the heart is prolonged as a tube of narrow calibre. 

The most important feature of the Tracheal System is the great 
development of air-sacs, particularly among Cyclorrhapha. In Musca 
and VohiceUa the air-sacs occupy more space than any other organs, 
and the haemocoele is consequently much reduced. The largest and most 
prominent of the air-sacs are the abdominal: numerous sacs are also 
present in the thorax and head (Hewitt, 1914; Kunckel d'Herculais, 
1879). 

Literature. General works on the anatomy of adult Diptera are 
extremely few : a good deal of information will be found in the writings 
of IMour (1851) and the text-book of Patton and Cragg (1913). For the 
detailed structure of individual types vide Miall and Hanunond (1900) 
Chironomus; Nuttall and Shipley (1901-03) for Anopheles; Kunckel 
d’Herculais (1879) for VoluceUa ; Hewitt (1914) for Musca ; Lowne (1890) 
foi CaUiphora ; Tulloch (1906) for SUmoxys ; Cragg (1912) for Hamatopota ; 
aud Roubaud (1909) for Glossina 
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Metamorphoses 

Ko other ordor of insects presents so great a diversity of larval WUts 
as tixe Diptera. Four families only have the great majority of thdr spedes 
phytophagous in the larval state, i.e. Cecidomyidae, Trypaneidse, Agromy- 
sidse and Oscinidse, while the Mycetophilidae and Platypezidae are fungi- 
vorous. The saprophagous habit is largely in evidence among the Antho- 
myidae. Other notable scavengers are the Bibionidae, Sepsidae, Phorid«, 
Helomyzidae and Cordyluridae. True parasitism, either internal or external, 
obtains in the Tachimdae. (Estridae, Pipunculidae, Conopidae, Bombyliidae, 
Cyrtidae and Nemestrinidae. Next to the parasitic Hymenoptera, the 
Diptera constitute the most important natural controlling agency over the 
.increase of other insects. The predaceous habit occurs in many families, 
particularly among the Brachycera, and in numerous members o£ the 
SyrpUdae, Muscidae, aind Anthomyidae. With the exception of ilany 
SdOmyzidae auid Ephydridae, the truly aquatic larvae belong mostly to 
the Nematocera and to the Stratiomyidae and Tabanidae among 'the 
Brachycera. t 

In their larval instars many Diptera affect the operations of man or his 
person. The four phytophagous families enumerated above include some 
of the most serious pests the agriculturist and fruit grower have to contend 
with. The larvae of the pear aind wheat midges, of the Mediterranean 
fruit fly, the frit and gout flies 30*6 cases in point. Among the Anthomyidae, 
the la^ae of the cabbage root fly and omon fly bring about great losses to 
growers of those vegetables 

The science of paraisitology is concerned with many dipterous larvae 
which directly affect the bodies of man auid domestic auumals. Under the 
term p^iasis are included all affections produced by dipterous lairvae among 
vertebrates, and more particularly maunmals. The species concerned are 
either paurasitic or saprophaigous, and it is frequently possible to distingmsh 
between primauy m3dasis, which is induced by true paraisites, auid secondary 
myiaas which is brought about by saprophagous larvae. The latter only 
foUows on diseased conditions, wounds, and usually where there is microbic 
infection. 

From the clinical standpoint myiasis in man may be grouped as follows - 

S. cuTANSOtrs MYIASIS : the larvae pnmanly concerned are those of Dermafodta 
ConfyMu$ and Bengalta. Speaes of Hypoderma and Gasirophtlus also occasionally 
. induce myiasis. 2. myiasis or the cranial cavities (orbital, nasal, and auditory) 
(paused by larvae of (Esfrui, Bhtnastrus, Gasirophtlus and DermaMna. When of s 
sacMdary nature it is commonly due to larvae of Sarcopltaga, Musea, or Chrysomyta 
auditory myiasis appears to be alvrays of a secondary nature and follows some puru 
leut i^USection of the ear. 3. myiasis of the digestive canal : larvae of at least 
tS genera have occurred m the ahmentary tract, but probably many pass tbrougb 
wiflaout causmg recognisable symptoms. 

In almost all cases of human myiasis the occurrence of dipterous larva 
i$ oocaaonal, and their presence is a departure from their normal host or 
mode of life. 

Dipterous krva (Fig. 575) are devoid of true legs, locomotion often either 
place by means of pseudopods, or by the aid of groups of shagreen' 
lilee spmules, frequently located on swellings of the body-wall. The ^atest 
Hfirmber of undoubted segments present is twelve, e.g. three moracic 
aiai iflhe abdominal. Departures from this generalized conditioa are not 
fjolliisquent : thus in some larvae the number is less than twelve, atrophy ^ 



tm 1AEV4 , i> % 

fusionofotteormorooftii^soiiii^ ]j»lairv«p«fi«Big^( 

more thao twdve apparent aegmepts (lObtyji^bidUli andl ttoavuiie) ipm* 
exi^Unatiofps mve bem off^ed. Either certain sq^tnenis have nndergcne 
becondary division, or the intersegments have become greatly eidargra so 
as to ^ume the appearance of true segments. KesUn (1913) has Shown 
that six groups of sei^ry organs are present in all IHp^ous larvae, Snd 
are in direct relation with the ima^al leg-buds, thus occupying the positums 
of the ancestral thoracic limbs. 

The number of families in which a well developed head is present is 
small; it is fully formed in the CuUcidx, which are desoibed as bdbg 
" eucephalous," as well as in most other Nematocerous larvae (except Ceci- 
domyidae and Tipulidae). At the opponte extreme, is the so<<^ed ** ace* 
phalous ” condition present in the Cycloirhapha, where the head is vestigial 
(Fig. 575). Many dipterous lary® (e.g. Bra(±ycera} are in a "hemi- 
cephalous " or intermediate condition, a reduced head or " jaw-capsole ** 
being present. This type of head is incomplete posteriorly and can be 
withdrawn into the thorax. A similar condition is found in the Tipulidae, 
the skin of the neck being attached to the middift region of the head 
with the result that the latter is mcomplete 
posteriorly, and permanently imbedded 
within the body. 

The antennee are variously formed, very 
rarely prominent, and are composed of i to 
6 jomts. They are best developed in active 
larvae which need to seek out their food 
(Nematocera). In the Mycetophilidae, many 
Brachycera and most Cycloirhapha they 
are reduced to the condition of small 
papillae. 

The mouth-parts are variable in character 
in different groups and are exhibited in 
their least modified condition in certain 
families of Nematocera. Thus, in Bibto (Fig. 

586) there is a definite labrum, mandibles are 
well developed and move in the horizontal plane and the maxillae are re|X«' 
sented by a single lobe or mala and am evident palpus on either side. The 
labium is in the form of a median plate with a strongly chitinized hypo- 
pharynx lying above it on the pharyngeal aspect : labial palpi are wanting. 
Among the Brachycera the same parts, although variously modified, aw 
more or less evident but the mandibles, on the other hand, work in the 
vertical plane. In the Cydorrhapha the typical mouth-parts have under; 
gone atrophy in correlation with the reduction of the head : the maxiUae 
and labium are scarcely recognizable other than by the papillae representing 
their palpi. In this group of Diptera there is a very <^aracteristic frame- 
work of articulated sderites, the whole being known as the cepfukh 
pharyngeal ^letm (Fig. 587). This structure is a secondary develc^unent 
and is composed of the following prindpal sderites. The most antesiot 

the mou^hooks or mandibular sclmtes which articulate baaally with 
the hypostomal or intermedtate sderite. The latter is H-shaped, its halvef 
, being joined by a transverse bar : the hypostomal sderite receives the 
! opening of the salivary duct. Behind this sderite is the much larger hosed 
or pharyngeal stkrUe. The latter is formed of two lateral, vertical lamdhe 
which unite vantra% forming a trough in which is lodged the {diatyiUK, 



Fig 586 -Mouth-farts of Larva 

OF BjJtiO UAHCJ, 

I, mandible, a, maadUa^ 
mala 3, L, labium; H, 

Aftdr Moms. 
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In many spades a chitinous arc {dentate sderite) unites the bases of the man- 
dibular sclerites: various other small accessory sderites are frequently 



present, not- 
ably in carni- 
vorous spedes 
Keilm has 
shown that in 
saprophagous 
larvae the floor 
of the phar3m- 
geal sderite is 
beset with 



Fio. 587* — Cephalo-pharyngeal Skiitton 01 Larva of i, Musca 

JDOMJtSTKA AND 2, MfIANOCHAIIJ hlPAMJA 

antenna, ilS, dentate scltnte , H hypostomal sclciite, LP labial palp M nnn 
dibito sclerites , Af /* maxillary palp , OS accessory oral sderites , P, phaiyngi il sc It rite , 
S, salivary duct Adapted from Keilin, ParasttoU gy^ 9, 1917 


longitudinal 
ndges which 
project iiko the 
cavity djf the 
pharynx’ larva 
feeding oh liv 
mg animal or 
vegetable tis 
sues are devoid 
of pharyngeal 
ndges or, if the 
latter be pre 
sent (as in 
Pegomyta) thev 
are reduced 
(Fig 588) 
Furthermore, in 


phytophagous 

larvae the mandibular sclerites arc usually toothed, and m carnivorous 


larvae they 
are sharply 
pointed: in the 
parasitic forms 
the buccal 
armature un- 
dergoes marked 
reduction. 

The pro- 
found changes 
which have led 
to the reduction 
of the head and 
the atrophy of 
the normal 



brtmg mouth- 588. — transverse Sections of the Pharynx of DiPTrsow 

parts in the larva i, Mumcjna AsaiMizia (saprophagous) 2 , Psoourt* 

of the viOBiTABaia (phytophagous) 3, Stmpmvb mibmbji (carni 

VOROUS) 

vyciOIT n a p n a dilator muades , p, cavity of pharynx , r, ridges , f, salivary duct Afitf Kedia, i 9*5 

appear td be 

correlated with the two senes of factors Firstly, degeneration consequent 
Upon a Itfe passed in the immediate proximity of an abundance of fciodi 



THE LAHVA 




and sdso a change in the manner of feeding. Secondly, to Hte badcward 
shifting of the brain and the development <n the imaginal head within the 
larval metaithoi:^. * For a genial discussion of the head and its modifica* 
tions among Dipterous larvae, and the structure of the mouth-parts, the 
student is referred to the writings of Holmgren (1Q04), lacker (xoxo), de 
Meijere (1916) and Keilin (X9X5). 

^though Dipterous larvae are apodous in the true sense of the tarm, 
pseudopods are present in numerous genera. Thus in Chirottonms, Orpk- 
itephila and Sitnuliutn a pair is present on the prothoradc and anal s^[ments. 
In Dicrattota five pairs are evident on segments 6 to xo ; in EristcUis there 
are 7 pairs while in Atherix and CUno- 
cera there are 8. Circlets of pseudopods 
are present in the abdominal region in 
Laphria amd the Tabanidae. 

The presents features 

of great systematic value and the most 
prevalent type is the amphipneustic 
one (Fig. 589). The primitive or peri- 
pneustic condition is almost entirely 
confined to Nematocera: the maxi- 
mum number of pairs of spiracles pre- 
sent is xo {Bibio) while 9 pairs occur 
in Scatopsin®, Cecidomyid® and a few 
others. Indications of a former peri- 
pneustic condition are seen in other 
forms in the presence of solid stigmatic 
cords leading from spiracular scars to 
adjacent trache®. The larv® of Cyclor- 
rhapha.when newly hatched, are meta- 
pneustic, becoming amphipneustic in 
the 2nd and 3rd instars. Among the 
Aschiza, the prothoracic spiracles in 
some genera are apparently non-func- 
tional, the tracheal system being 
physiologically metapneustic. The pro- 
pneustic conation is extremely rare 
but is stated to obtain in Polylepta. 

Apneustic larv® are found in Chao- 
b^s, in Chironomid®, and also in 
CeropUtius and Atherix. 

In peri- and amphi-pneustic larv® 
the xst pair of spiracles is carried on 
the prothorax : in the former condition the 2nd pair is borne on the meta- 
thorax or 1st abdominal segment, nevCT on the mesothorax. The segmental 
position of the posterior pair of spiracles is variable : it is frequently on 
the last segment whether it be the ixth, as in many Brachycera, or the 12th 
segment, as in Dtcranota, Ptychoptera, and numerous Cydorrhapha. In 
the Culicid® and certain Brachycera the spiracles are situated on the pen- 
ultimate segment, and in the Therevi<te and Scenopim<te on the ante-pen- 
uitimate segment. In certain metapneustic larva (Culidd®, Dixa, P^choda, 
some Tipulid®, etc.) the two main tracheal trunks give off a plexus of fine 
tracheal bran^es in the neighbomhood of the spiracles, and pass to the 
of the postoior region of the heart. These branches are very ^ 





Fzg. 589. — Amphipneustic Tracbsal 
System op 3rd Instar Larva op 

HYLMUfiA (AnTHOMYIDJB). 

I, Lateral ; 2, Dorsal View. AS, antenor spliade; 
PS, posterior do. 



DimM 

mSk 4 , 0 aAU ujppem ^robatde that the blood is fsroQe^t into close ootttact 
odth the onyfoi contained therein, and in this Way they function as a kmd 
oi long (Xnuns, 1907). 

Accessory resforatory organs in the form of gills are found among aquatic 
larvae. In certain Chirononsids two pairs of blood gills are situated on the 
trth segment, and a similar number of smaller blood gills are present around 
the anus. Tracheal gills are much more frequent than blood giUs : they 
may be ventral as in the two pans on the last segment of Dtcranota, segmental 
as in Phalacrocera, caudal as in Culicidse, or rectal as in Stmulttm and 
Eristalts. The caudal retractile processes of Pedtcta and other aquatic 
T^nilid larvae are probably of a similar nature. 

Ihc alimentary canal in larvae of the Nematocera, and certam Brachycera, 
is a short tube but little convoluted In most Cydorrhapha (Guyenot, 1907) 
it is greatly lengthened and complexly coiled upon itself. The oesoAagus 
is prolonged backwards into the mid-gut to form an oesophageal v^e, or 
cardia, of varying complexity. In many Cydorrhapha a food resrawir is 
present as in the adult. The usual number of Malpighian tu^ is Tour, 
which may arise separatdy from the hind-gut, as in Tabanus and Stombxys 
In Musca and most other Cydorrhapha they unite basally in pairs, each 
pair communicatmg with the hind-gut by means of a short duct In the 
Culiddse, Psychoia, Ptyohoptera, and the Blepharocendse five Malpighian 
tubes are present. 

Salivary glands are found in all dipterous larvae and generally take the 
fonn of hollow vesides Imed with a smgle layer of cells Mandibular glands 
occur in Sciara and extend almost the whole length of the body (Keihn, 
19x3). Metamerically arranged hypodermal glands are found in Tipubd 
la^ee (Fig. 148), and small pensUgmahc glands are found m association 
with the spirades of many dipterous larvae 

The heart consists of a series of eight chambers in Anopheles and other 
Nematocera. In spedes of Chtronomus it is formed of a single enlarged 
chamber situated in the iith segment and pro\ided with two pairs of ostia 
In Musca it comprises three chambers situated in the terminal segments, 
wlfile in Dicranota no distmct chambeis are evident (Miall) In all cases 
the heart is prolonged through the thorax as the aorta, which terminates 
to the head near the bram. A short distance behind the latter it is sur- 
rounded and supported by a collar of irregular cell-tissue— the cardtac nng 
C' anneau de soutien ” of Pantd), which is generally present throughout 
the order. 

The nervous system to Nematocerous larvae (Brandt, i88a; Braucr, 
1883^ conrists of the usual supra- and infra-oesophageal ganglia and, as a 
rule, 3 thoradc and 8 abdominal gangha Among the Brachycera this 
gaoeraliaed conchtion of ix post-cephahe ganglia is present to the Leptidx, 
AflOidae, Tfaerevidae, and Dolichopodidae The Tabanidae are intermediate 
between these famihes and the Cydorrhapha, reduction and concentration 
resulting to only i thoracic and 5 abdominal ganglia being present In 
StrdEotr^ia all the ganglia are fused into a single ovoid ganglionic mass and 
A tdtoitor condition is the rule throughout the Cydorrhapha (!^. 144 / 
TlW porition of the hr^ varies among Nematocera; althoo|^ usually 
ptoptot to the head as to Culex, to Ttpula and Ptychoptera it is situated 
i giafeiiMy to the head and prothorax, while in Dtcranota, P^choda snd ipertain 
O M p p omidaB it lies vdioUy to the prothorax. In Cedliphora and otbef 
mtoKlhaifiia it is situated to the metathorax. 

•}<i ’iSt Dipterous krv«, as a general rule, cast their sldq? 
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In tho Kenatbc^ and BradbjKim the idtin ^ n<iraMii]^ cnat ait,|^a|MKtioii 
but in tile Stratiomyidae the exuviae {>ec^ and kwsdiy andoae the |iq|pa, 
In the Cycknrhapha the pupa is coarctote ; the larval dnn hardens forming: 
an outer shell or puparium which encloses the pupa within. The pupaidpin 
IS ovoid or barrel-shaped and quite immobile (Fig. 204). A puj^ ah^i^ 
IS formed in several Nematocerous families and ammig the Brachyoera a 
cocoon is present in certain Dolkhopodidse. Among Cydorrhai^ it is vary 
I are but is found in a few genera of Anthomyidse. In the lower Piptera 
prothoradc and 7 pairs of abdominal spirades are usually evident ; aquatfas 
Nematocera, however, are propneustic. In the pupaxia of the Cydorrhapha 
remains of the larval spirades can be seen. In Musca communicatimi with 
the air is maintained by means of a pair of pupal spirades in the form ol 
small jmine-like projections between the 5th and 6th segments of the pupa- 
tium (Hewitt). Similar, though more prominent, respiratory structures are 
prevalent in other Cyclorrhapha. 

Literature on the Larval and Pupal Stages. The only general 
work on Dipterous larvae is that of Brauer (1883). Information dead^ 
with the metamorphoses of the Nematocera and Brachycera is given by 
Malloch ( 1917) , whose paper is accompanied by useful family keys. VenaU’s 
work (1909) contains an account of the larvae of the Brachycera (by Shaip)< 
while Perris’ paper (1870), though old, contains a good deal of information 
concerning vanous species. Aquatic Dipterous larvae have been frequently 
studied, notably by Meinert (1886), Miall (1895), Griinberg (1910), and 
Johannsen (1903-95). For the larvae of Cyclorrhapha the student is re- 
ferred to Ban^ (1912) and the writings of Keilin (1915, 1917). Information 
on the internal anatomy of Dipterous larvae is extremely scattered ; among 
the more important morphologicad papers are those of Brandt (1882), Beckw 
1910), Guyenot (1907), Holmgren (1904), Keilin (1915, 1917), De Meijere 
1916) and Vaney (1902). 


Classification of Diptera 

The Diptera may be dassified into three sub-orders, viz. the Nematocera, 
Biachycera and Cyclorrhapha. The first mentioned include the most primi- 
tive forms, the Cydorrhapha comprise the most highly specialized while 
the Brachycera occupy a position intermediate between these two groups. 
In the time-honoured classification of Brauer two sub-orders are recogniz^, 
viz. the Orthorrhapha (including the Nematocera and Brachycera) and tlwt 
Cydorrhapha. In the Orthorrhapha the imago emerges from the pupal 
cutide by means of a dorsal T-shaped longitudinal dehiscence. Among the 
Cydorrhapha emergence takes place by an annular dehiscence at the anterim 
end of the puparium, thus pushmg off a kind of cap or lid. There axe cert^ 
^biguities in Brauer’s scheme and he subsequently modified his views with 
the result that it is not dear whether his term " orthorrhaphous " applies 
to the larval or pupal integument or both. In any case the Orthorri^ha, 
as understood by Brauer, are not a very natural group since the Brachycem 
are mote dosely related, as regards the venation, to the Cydorrhapha than 
to the Nematocera. The intermediate position of the Brachyoera is best 
expressed by its recognition as a distinct sub-order. The chail^ers of the 
sub-orders are as given below. 
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Sub-order I. Nematocera 

Larvae vrith a well-developed exserted head and horizontally biting mandibles , 
pupa free. Antennae of imago many jointed, longer than the head and thorax, the 
majority of the joints usually alike ; arista wantmg. Palpi usually 4 or 5-jointerl, 
pendulous. Dis(^ cell generally absent, cubital cell when present widely open. 


Sub-order II. Brachycera 

Larvs with am incomplete head, usually retractile, and with vertically biting 
mandibles ; pupa free. Antennae of imago shorter than the thorax, very vanablo 
generally 3-jointed with the last elongate ; arista or style when present terminal 
Palpi porrect, i or 2-jointed. Discal cell almost always present, cubital dell con- 
tracted before the wing margin or closed. 


Sub-order III. Cyclorrhapha 

Larva with a vestigial head : pupa coarctate Antennae of imago 3-jointed with 
an arista usually dorsal in position. Palpi i-jointed. Discal cell almost alway; 
present. Cubital cell contracted or closed Head -with a frontal lunule and usuallj 
a ptilinum (absent m sub-orders I and II). 

Literature. — The only general text-book onDiptera is that of Williston 
(igo8), and Wingate’s analytical tables (1906) constitute the only compie- 
hensive paper on British species. References to the more important litera- 
ture on the latter are given by Grimshaw {1917). The more advanied 
student will find the work of Schiner (1862-64) and Kertesz’ catalogue of 
the palaearctic species (1903-05) indispensable. The latter author has also 
issued a catalogue of the Diptera of the world (1902) but it has not been 
completed ; the work of Aldrich (1905) contains a useful bibliography of 
the order. Brunetti’s volume (1912) will serve as an introduction to the 
Nematocera ; for the Brachycera Verrall’s standard work (1909) is the 
best introduction and includes most of the British families, while Lund- 
beck's treatise on the Danish forms is also of great value to the English 
student. Among Cyclorrhapha, for the British Aschiza see Verrall (1901) 
for the Cal3?pter®, the series of papers by Brauer (1897-99), and Brauer 
and Bergenstamm (1899-05) are importeint, also those of Girschner (i893)< 
Stein (1916), S^guy (1923), and Townsend (1908, etc.). The work of Lindner 
(1924- ), still in coiuse of publication, deals with all families of palsarctic 
Diptera. 


Sub-order I. Nematocera 

A certain munber of members of this section exhibit exceptional morpho- 
logical characters. Thus, among the Culicidse the palpi are sth 9 and pro- 
jecting, not pendulous as in other families. When the antennae are short, 
and apparently only annulated (Simuliidae and Bibionidae), the widened 
Ctttntal cell and pendulous palpi indicate their affinit ies vvith this sub-order- 
When the palpi are 1 or 2-jointed (certain Ceddomyidae) the antennal and 
>M!Oational diaracters remove all doubts. 

'Ibe following key will 9erve for the identification of the faxnilies 
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1 (4).— Discal cell (ist M|) present. > 

2 (3). — ^Thorax with V-ehap^ suture on mesonotum. 

3 (2). — V-shaped suture absent, 

4 (i). — ^Discal cell absent. 

5 (6). — Small xnoth-like flies, body and wings clothed with 

coarse hairs. 

6 (5). — ^Not as above. 

7 (10). — ^Wings with network of vein-like creases. 

8 (9).— Mouth-parts and true venation absent. 

9 (8). — Mouth-parts and true venation present. 

10 (7). — ^Wings without such network. 

11 (12). — Scales present on the wings : usually with slender 

piercing proboscis. 

12 (ii). — ^Not as above. 

13 (18). — Antennae shorter than thorax. 

14 (15). — Antennae apparently 2- jointed with a terminal 

style : anterior wing-veins not markedly 

thickened. 

15 (14). — ^Antennae many-jointed, with no terminal style : 

anterior wing-veins more strongly developed 
than posterior. 

16 (17). — Ocelli large : mandibles wanting. 

17 (16). — OceUi absent : mandibles present. 

18 (13).— Antennae longer than thorax. 

19 (20). — Antenna* terminating in a filamentous prolonga- 

tion : wing with 10 veins extending to margin. 

20 (ig). — Antennae without such prolongation : wing with 

fewer than 10 veins extending to margin, 

21 (22). — ^Wing- veins very few : anal vein absent. 

22 (21), — ^Wing- veins not greatly reduced : anal vein, or 

vestige, present. 

23 (24). — ^Tibiae without spurs: coxae not elongate: ocelli 

absent. 

24 (23). — ^Tibiae spurred : coxie elongate : ocelli present. 


mvVLDM 
(p- 639) 

RHYPRJDA 

(p. 651) 

PSYCHODIOA 
(p. 640) 


DEUTBROPHLBBnDJB 
(p. 630) 

BLEPHAROCSKIDJt 

(p. 650) 


CVUCIDX 
(P. 641) 


THAUMALEIDA 

(p. 650) 


BIBIONIDA 
(p. 648) 
SIHUUIDS 

(P. 649) 


DIXID^ 

(p. 641) 


CECIDOMYIDS 

(P- 64s) 


CHIRONOMIDJB 


(p. 644) 

MYCETOPHIUDiB 

(p. 647) 


PAM. TIPULIDj® (Daddy-long-legs or Crane Flies).— antekm* long, 6- to many- 

JOINTED, OCELLI WANTING, LEGS ALWAYS LONG AND FRAGILE, MESONOTXJM USUALLY 
WITH V-SHAPED TRANSVERSE SUTURE, DISCAL CELL PRESENT, OVIPOSITOR VALVULAR, 
HORNY, LARViE METAPNEUSTIC, ANAL EXTREMITY WITH FLESHY RETRACTILE PROCESSES, 

The Tipulidaj include some of the largest species of Nematocera. The number of 
antennal joints is extremely variable and they are occasionally pectinate or serrate 
in the male, but not plumose. The front of the head is prolonged forwards to a greater 
or lesser degree, and in a few genera an elongate proboscis is present : throughout 
the family ocelli are absent. The V-shaped mesonotal suture separates the family 
from other Nematocera : in the Ptychopteiinae, however, it is indistinct, and it is 
wanting in the apterous genus Chionea. , . , . .ci. 

The larvae are usually hemicephalous, the head being deeply im^dded in the 
thorax and incomplete posteriorly : in Ptychoptera and its allies it is exserted and 
euccphalous as in most other Nematocera. The antennae are well developed, the 
hibium is large and toothed anteriorly, and there is usually a large and heavily emt- 
imzed hypophar^. The body is elongate-cylindrical, either with or witMGt 
pseudopods, ii or 12-segmented, and usually ashy grey or brownish in colo^. Fr^ 
juently the first 6 abdominal segments are subdivided and, as a rale, the anal segm^ t 
truncated^ bears the spiracles. Around the latter is a series of fleSshy retractile 


A Except m Mycekbia. 






M; aipe^ ptoc ea ses m oftea fExfigei avitik bajiXB laM pro- 

tradUe l 3 )ood*|^ are tAresaot. In tae terrestrial forsis fSie hair triages' aad are 
imal]^ The imp^ are dongate, and the thoradD resphr&tory 

ttoRUi are either slender or plate-like. 

The larvae of Tipula may be taken as representative of the family, and live among 
grass, roots, etc., decaying vegetation, or are aquatic (vide Brovm xqio, Bodenheimcr 
1924). The larva of Dicranota lives in the beds of ponds and streams where it preys 
upon the worm Tubifex. It is characterized by paired retractile pseudopods on seg- 
ments ^10, and on the X2th segment there axe 3 pairs of outgrowths of the nature of 
(Miall, X893). Thelarva of Ctenophora and its anatomy has been studied by Anthon 
{Jcum, Morph,, 1908) and that of Holorusia by Kellogg (1901) : descriptions of the 
lairvss and pnpssof many other genera are given by Malioch (1917) and Alexander {1920). 

Xficrm of Ihe Ptychopterinae (Miall, 1895) are found in damp situations, usually 
in mtiddy water where they feed upon the vegetable matter contained therein. They 
; long and slender with well developed pseudopods armed with spinuleh : the 

spiracles are minute, and are bqme at 
^e apex of an extremely slencfe tube 
:l^rmed by the greatly prolong ter- 
minal segments of the bod^ The 
pupal respiratory organs are unequal 
in length, one being many times mnger 
than the other. V 

The larvae of the Cylindrot^ina 
group are very remarkable : they are 
green in colour, and aquatic or terres- 
trial, feeding upon xhosses or Angio- 
sperms. The body is provided either 
with filaments or leaf-like outgrowths: 
Miall and Shelford (1897) have made a 
detailed study of the larva of Phalacro- 
cera which is aquatic, feeding upon 
mosses, and the whole body is invested 
with numerous elongate filamentous 
Pio, 390,— ar,, Female, Sudan, processes. In CylindroUma (Cameron, 
X X2. Ann, EnU Soc, Am,, 1918) the larva 

' „ lU^todvoed by penntsiiao of the Trustees of the British is terrestrial with lateral plate-like 
Maainm, outgrowths : it feeds openly like a 

caterpillar on various phanerogamic 
plants, and the pupa is attached to the food-plant by means of the partially cast 
Among the Limnobiihae the larvae of Limnobia are fungivorous, while those 
Joi !l>ioranomyia are mostly aquatic or semi-aquatic. A single species of the latter 
1$ exceptional in having a leaf-mining larva in the Hawaiian Islands. 

^ i F PSYCHODID^ (Moth-flies, Sand-flies).— minute moth-hke fues, the 
»opy' and wings clothed with long coarse hairs, often admixed with 

MO ocelli; WINGS WITH MANY LONGITUDINAL VEINS AND NO OBVIOUS 
CROSS-VEINS. LARViB USUALLY AQUATIC OR SAPROPHAGOUS, OF VARIABLE STRUCTURE, 



generally AMPHIPNEUSTIC. 

These fragile insects are to be found in close proximity to the larval habitat and 
are commonly met with in dark or shaded damp situations ; some are, frequent on 
windows and are often attracted to a light at night. Females of the g^us PhM)0iomus 
(FSg. 590) feed by sucldng the blood of vertebrates and in some species the thAle has 
tibk habit also. In addition to man, reptiles are used as hosts ; and iq. the' case of 
‘ minuttis lizsirds and geckos are probably the principal animals preyed Upbn* The 
Imown “ Pappataci " or “ three-day " fever was proved in 1908 ty £)oerr, in 
Pieirzegovina, to be carried by P, papcUasii possibly other species of the genus also 
iitoiCtion as carriers. The disease is prevalent in S. Europe, N. Africa, and apjpa^ntly 
of the same occur in India. Townsend has brought forward ! ^ 
?'£wceting that the disease known as Verruga in Peru is transmitted by species 

.^S^hUbokmus, The eggs in this genus are elongate and dark 
" 1hav^ xfiostly been found in damp, dark places such as creviem in rocks and steme walls. 
■jj({i|l unclean -cellars, moist earth, etc. Their minute size, however, reUsdflirs them 

difiicuit to disi^ver and further information is greatly needed with xeferen^ 
habitat, ^en fully grown the larva is about a mm^ long, and fvsp^ed vutn 
Miqifitr rnnf bristles iriiieh may be almost as long as the body, -DecdSlhv 





mxitm, cuucmM 

taU^ apmm to ]bt» ofciM loot}. Tbd {mpii li <m 4 In atmUar dtuatlxMia 
and i;«aally oax:^ tto laumd exuvte at its anal aatiMtiity* ^ fmilier tolb^toatioii 
on ttiia ^fuaM ttUmm should lie mada to papers by Gram (xao7), Newst^ ItOXt) 
and Lorrauba (i^o). 

The FSyclu^ns have very doubtfully been accused of the blood^eoddx^ habit 
which, at any rate, is extremely rare in this sub-family. Their larvae possess a well 
developed and is trunk segments, the first and last carrying a pair of spbacles 
(vide Dell, 1905, Malloch, 1917, and Miall and Walker, 1^5). The last segment is 
drawn out ud provided with 4 fleshy outgrowths closed with eloxiigate h&s. By 
this means it forms a kind of siphon surrounding the posterior spiracles, and is pro* 
truded to the surface of the water. The thoracic and ist abdominal s^pnenta are 
transversely divided, remaining abdominal segments being triannulate* Dorsally, 
the larva carries a series of strongly chitinised plates bearing sensory hairs. These 
plates are present on each segment {Pericoma) or only on the posterior segments 
{Psychoda). The larvae are aquatic, or live in fluid organic matter of various kinds, 
including sewage filter-beds. Those of Ulomyta and Maruina live in cascades. In 
the latter genus they are provided with ventral sucker discs as in Blepharocerid larvae, 
and moreover are metapneustic (Muller, 1895). The larvae of Tnchomyia lives in 
decaying wood (Keilin, 1914). It is narrowly cylindrical, smooth, and devoid of 
dorsal plates and setae ; the segments are undivided, and the tracheal system Is 
amphipneustic with no respiratory siphon. In the remarkable genus Termiiomasiua 
Silv., found in the nests of neotropical termites, the wings cure reduced to strap-like 
rudiments : two other termitophilous genera, Termitodtpteron Holmg. and Termi$a* 
delphos Holmg., occur in the nests of Eutermes in Peru. 

FAM. DIXIDifi. — IKSECTS ALMOST DEVOID OF HAIRS AND SCALES, ANTENNAE 
ELONGATE, ABOUT I6-JOINTED, FILIFORM AFICALLY. VENATION AS IN CDLIClDJB 
PROBOSCIS SOMEWHAT PROJECTING, NOT ADAPTED FOR PIERCING *. OCELLI ABSENT. 
LARVM METAPNEUSTIC AND AQUATIC, USUALLY ASSUMING A U-SHAPED ATTITUDE. 

A very small family comprising the genus iJtxa which is largely holarctic and 
includes about two dozen species. These insects have been variously induded in the 
Culicidae and Tipulidae. They arc readily separable from most of the latter by the 
absence of the discal cell and the V-shaped thoracic suture : the filiform non-plumose 
antennae are totally different from those organs in the Culiddae, and find their parallel 
in Tnchocera, They closely resemble the Culiddae, however, in their venation but 
differ therefrom in the absence of scales from the wings. The larva of Dixa frequents 
shady, weedy pools or streams and might be mistaken for that of Anopheles. It is 
eucephalous with 12 trunk segments, the 4th and 5th each bearing a pair of ventral 
pseudopods armed with curved spinules : segments 5-10 in certain spedes carry a 
dorsal shield fringed by setae. The pupa closely resembles that of the Culiddae. For 
the British species vide Edwards (Ent. Month. Mag., 1920). 

FAM. GULlGIDiB (Gnats or mosquitoes). — very slender flies, generally 
WITH AN elongate PIERCING PROBOSCIS AND NO OCELLI : THE PALPI STIFF AND NOT 
PENDULOUS. LEGS LONG, ANTSNNJB DENSELY PLUMOSE IN THE MALES, PILOSE IN 
THE FEMALES. WINGS FRINGED WITH SCALES ALONG THE POSTERIOR MARGIN AND 
the veins. LARVAS and PUPiE AQUATIC AND VERY ACTIVE; THE FORMER META- 
PNEUSTIC, WITH AN ENLARGED THORACIC MASS. 

*^6 remarkable discoveries in their life-histories, and the part played by the adults 
as disease carriers, has given an enormous stimulus to the study of mosquitoes. Mm 
1,600 spedes have been described and at least 28 species occur in Britain. 
Cuheidse are almost world-wide in distribution, but the tropics are much richer in 
genera and spedes than northern latitudes. In arctic regions they are extremely 
abundant during the short summer, though few in spedes. In these parts they often 
occur far from the haunts of man and frequently in regions uninhabited by quad* 
rupeds. In Lapland their numbers even exceed those of most tropical regions. For 
a full account of the biology of the family the student is referred to the standard 
treatise Howard, D3rar, and Knab (1912). For the anatomy of mosquitoes Vide 
NuttaJl and Shipley (1901-03). and Chnstophers (1901). For the larval anatomy Of 
Anopheles vide Imms (1907-08) and of CuUx vide Raschke (1887). The mouth* 
P^Tts oi a mosquito have already been described (p. 620) : in the Chaoborinas they 
are very short, concealed, and not adapted for piercing. Except in a few genera the 
whole body, legs and wings are in part, or entirely, clothed with scales. 

The eggs are deposited on or near the surface of the water, mid the number laid 
by a single individual varies from 40-100 {Anopheles ma^ulipennis) up to 300 or ^ofei 
pipuns)^ They may occur singly, as in Anopheles or Stegomyia, or ^Uectivdly 
^ a compaclt mem or egg-raft as in Culex (vide Miall, 1^5) other gnoera. 
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Hie eggs vary ift shape in different genera : those of AnopheUs are boatrshaped with 
a eonspicnous float on either side : in Culex they are insiform, in Megarhinus 
what dab‘Shaped» while those of Stegomyia are ovoid and surrounded by a series of 
Bx^l air chambers which aid in floating. 

Mosquito larvse have a well developed mobile head : the eyes vary according 
to the age cd the larva and, as a rule, both the primitive larval eyes and the 
developing compound organs of the imago are present. A pair of dense tufts of 
long hair, or feeding brushes, are present over the mouth on either side of the head. 
By means of the movement of these brushes a current is set in motion which wafts 

microscopic food-particles towards the mouth. The 
thoracic segments are fused to form a single broad 
rounded region. Nine abdominal segments are pre- 
sent, and the anal somite is surrounded at its apex 
by four tracheal gills. These organs are small in 
surface feeders such as Anopheles, but larger in Stego- 
myia which is a bottom feeder. The respiratory sys- 
tem is nietapneustic, and opens on the dorsal surface 
of the 8th segment. The spiracles are placed! either 
on a quadrilateral area raised slightly above pre- 
ceding segment (Anophelinae), or more usually the 
apex of a respiratory siphon. The larvae of ^^ha<h 
boms (vide Akehurst, Journ, Roy, Mic. Soc, is 
a liighly specialized type, being almost completely 
transparent and apneustic. It is provided with a 
pair of pigmented air-sacs in the thorax and a second 
pair in the 7th abdominal segment : these struc- 
tures act as organs of flotation, respiration being 
cutaneous. 

When at rest, and during feeding, the larvae of 
Anophclines float horizontally just beneath the sur- 
face-film with the palmate hairs and spiracular area 
in contact with the latter. In the Culicines the larva 
bring the apex of the siphon in contact with the sur- 
face and hang head downwards, inclined at an angle 
with the surface film. 

In their feeding habits, mosquito larvae may be 
phytophagous or carnivorous. As a rule they feed 
upon minute algae and other particles contained in 
the water. Certain forms, however, are carnivorous. 
These maybe readily recognized either by the mouth- 
brushes being replaced by stout spines, which serve 
to seize the prey, or by the prehensile antennae (Chao- 
borinae). The organisms most frequently preyed 
upon are other mosquito larvae. 

As a rule, mosquito larvae are only able to exist in 
small numbers in permanent waters on account of the 
presence of predaceous organisms, such .as Ash and 
insect larvae Their habitat is extremely varied, 
thus Anopheles lutzi breeds in the cups of epiphytic 
and pitcher plants. Those of A, rossi frequent 
shallow rain-fllled pools such as abound in India 
during the monsoon. A, ludlowi occurs in pools 
flooded by the sea at high tides : larvae of Tani<^ 
fhynchus live at the roots of aquatic plants in 
swamps, inserting their modified siphons into the 
tissues, and thus deriving their supply of oxygen. A, listoni frequents sub-Hima' 
l^yan hUl streams; A, ohaudoyei lives in the waters of Sadiaran oases contmning 
gnns. of chlorides per litre and A, stevensi abounds in Bombay, living in the 
WateiB of wells and dstems. The pupae aure very active, and respire by nie^s 
ft pair of breathing trumpets communicating with the anterior spirades. Tney 
tioiKt at the top of the water with their trumpets attached to the surface 

When at rest Anophelines can usually be distinguished from other mosquito^ 
is;y the fact that they settle with the proboscis and the long axis of the body in ^ 
itnUght line, while in tiie Culicines the abdomen is usually parallel with, or iucunea 
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towards, the surface upon which the insect rests (Fig, 3$2). The length of the Ufe^ 
cycle of mosquitoes is primarily dependent upon temperature: thus, that of S. 
fasciata is normally 15-20 days, but may be as short as ti days. The adult refuses 
to feed below 23® C. and is quite inactive at 20® C, 

Economically mosquitoes are of the utmost significance owing to their functioning 
as the intermediary hosts of malaria, yellow fever, filariasis, dengue and other diseases. 
Increased knowledge of these insects, and the diseases transmitted by them, h as 
rendered vast areas of tropical countries no longer a menace to the life of the European, 
i'he experimental researches of Ross, on the malaria Plasmodtum, have conclusively 
proved that this parasite passes through two periods of multiplication during its life- 
cycle : the first is one of asexual reproduction (schizigony) and occurs in the blood 
of man. The second or sexual cycle (sporogony) takes place in the mosquito, and 
commences with the entry of blood containing suitable forms of the parasite into the 
stomach of the insect. After fertilization the xygote bores into the gut-wall where 
it becomes encysted. The cyst increases enormously in size, and eventually ruptures, 
liberating great numbers of 
sporozoites into the ha^mocoelic 

cavity of the insect. Those ? 

sporozoites, which bore their 
way into the salivary glands, are \\ 

then able to be transmitted to ^ 

another human being through 
the punctures of the mosquito, 
and there conUnue their de- 
vclopment. 

When the female mosquito 
feeds the tip of the labium is ^ 

first brought against the skin, / /ym. 

and then the pointed mandibles ij 

and maxillae arc inserted. The 1 1 > 

bbrum is also inserted into the \ \ 

puncture along with the hypo- \ \ 

pharynx. The labium is then v V 

doubled back in the form of a 
loop as the mouth-parts become 
more deeply inserted. Accoid- Fig. 592. — Rr sting Attitudes of A, Avopbelmb 
ing to Maegregor [Trans. Hoy, Cvlbx, 

^OC. Trop, Med. and TIvg. 24, Reproduced by puroission of the Trustees of the British Miueum 
A9JI) two methods of feedmg 

occur. In the method just described the ingested food Is drawn continuously into 
th(* stomach. In the second method, termed “ discontinuous feeding,*' the mouth- 
parts are not disengaged from the labium and the tip of the proboscis is merely dipped 
iiotn time to time below the surface of the fluid to be imbibed. The ingested food 
then passes first to the oesophageal diverticula which act as food teservoirs. These 
organs also function as air separators in which *' air locks,” between discontinuous 
sections of fluid, are removed before such fluid passes into the stomach. Control is 
exercised over ingested foods to the extent that blood is allowed to pass to the stomach 
and sugary solutions into the diverticula. It appears that in Siegomyia the entry 
and digestion of blood in the stomach is a necessary condition for ovulation, 

A number of Anopheline mosquitoes are now known to be carriers of the plasmodia 
of one or more forms of malaria and, as the habits of these species greatly vary, a 
knowledge of their bionomics is of the highest importance from the standpoint of 
public health. Among the more important carriers are Anopheles maculipennis 
(Kurope, parts of United States), A. cuhcifacies (India), A. costalis and A, funestus 
(Africa), A, albimanus (Central and S. America), A, quadnmaculatus (U.S.). 

Siegomyia fasciata [calopus) ^ is one of the commonest mosquitoes of the tropics 
and subtropics of the world, and occurs largely along coasts and the courses of the 
larger nvers. In i88i Finlay observed the mcidence of this mosquito and yellow 
f^ver in Cuba, and succeeded in transmitting the disease through tibe agency of its 
punctures. In 1899 an American Commission sent to Cuba definitriy proved that 
5 ellow fever is carried by S. fasetata. As the result of anti-SUgomyta measures in 
the Panama Canal zone, which was at one time a notorious region for this disease, 



t The most recent name for this species is Ae4$s 0 gypti. 
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levier itts bixamt prikcticaliy noQHndsfe^/' V» egg* of m mrt 
laid upon any; accumalatiDn of stagnant water bowevar stnall^' dd tiaia, bxsqrken 
bottles, holes ini trees often being utihzed. The larva of this species may be recog- 
nized by its comparatively colourless appearance, and the sh^ black xespiratory 
siidron, i the len^ of the abdomen. The adult is most easily identified by the 
lyre-sbacped white mark on the thorax ; it is essentially a domestic species rarely 
found away from towns and villagiM. 

; OUkx fai^'ans is an almost tropicapolitan mo^uito of g^t economic signifi^ce. 

„ A!long with other species it is a carrier of Wuchereria bancrofti which produces elephanti- 
sis Both C* fatigans and SUgomyia fascUUa are able to transmit the wus of 
define from one human being to anotli^. Anopheles macultpennis, 

^gomyia fa^data^ etc., are intermediary hosts of FiUma immUis of the dog and 
aeverd species of Culicidae transmit the Plasmodium of avian malaria from one bird 
to, another. 

Various measures concerned with the control of mosquitoes have been introduced. 
iPreedom from the attacks of these insects is largely obtained by living in mosquito 
proof dwellings or by utilizing mosquito curtains while sleeping. A varfety of 
deterrent substances have been recommended for application to the exposed ts of 
the body : essential oils of various kinds have been more especially advis The 
destruction of adult mosquitoes in dwellings may be carried out by the fum: Ration 
Of i^ms by means of cresyl : traps in the form of boxes, lined with dark blue loth, 
which may be readily dosed, have also been recommend^. The removal of h^bage 
{torn the neighbourhood of dwellings is a further measure. The elimination all 
Siding water, and the drainage of marshy lands, afford the principal means for 
reducihg the larval breeding places. The screening of tanks and wells, etc., is also 
of importance. Application of larviddes such as kerosene, which will form a film 
on the surface of standing water, prevents the larvae from coming to the surface to 
breathe, and provides a deterrent to egg>laying females. Tanks and irrigation canals 
in Hie tropics may be stored with certain fish (Cypriondontidae, etc.) which are known 
to devour mosquito larvae. 

The literature on Culiddae is very extensive and one of the best general works on 
the family is that of Howaid, Dyar and Knab (1912) which deals with the spedi» of 
Korth and Central America. The palaearctic spedes have been revised by Edwards 
Ent, Res., 1921) and those of North and South America have been revised by 
nab {Carnegie Inst,, PubL No. 387, 1928). A useful handbook of the British mos- 
quitoes has been written by Lang (1920). 

FAM. CHIRONOMIDiB (Midges ), — ^delicate gnat-like flies: antennae 

CONSPICUOUSLY PLUMOSE IN THE MALES, PILOSE IN THE FEMALE. HEAD SMALL, 
bytEN CONCEALED BY THE THORAX : OCELLI ABSENT. MOUTH PARTS USUALLY POORLY 
bkvELOPED, SELDOM ADAPTED FOR PIERCING. ANTERIOR WING-VEINS MORE STRONGLY 
itARKED THAN POSTERIOR. LARViE APNEUSTIC *. AQUATIC OR TERRESTRIAL. 

These insects bear a general resemblance to Culiddae but may be distinguished 
, by the wings being unsealed. The adults occur in great numbers in the vidnity of 
' ponds and streams : many appear on the wing just before sunset, and exhibit 

a dhar^teristic gregarious habit of ** dancing '' in the air in swarms. Puling these 
; e[^ution8 the number of females present does not appear to be large and, when 
Vpauring is accomplished, the mated couple leave the swarm. Considerably over 
spedes have been described : in Britain nearly 200 spedes are listed by Verrab, 
imt xuany more await discoyery. The antennae are 6- to 15-jointed and, except in 
Cetatopogininae, the mouth-parts are poorly developed; In Chironemus no food 
IS iaken during adult life and the digestive canal is consequently shrunken and empty- 
In the Ceratopogininae blood-sucking habits are frequent and, in such casee, a 
. ^trierdng probosds is present. Spedes of Culicddes (especially C. pulicariis L 4 often 
‘ esmse a good deal of annoyance by means of their sharp punctures : seve^ specif 
.df'the sub-family have been observed to suck the inner contents of catsrpm^rs and 
insects. 

' " ;‘Tbe eggs of Chironomidae are laid in a mass, enveloped by trsnspaiant mucilage 
secreted by the gluten gland of the female : these egg-masses or ribbons 
'iead lumiber, and arrangement of the eggs therein, in difieroat species* 

inhabit slow streams and ponds, or even puddles or waw trani^ A 
can live at great depths^ having been obtained titm the: 
jQjfoeva end Lake Superior. Several spedes occur in . the s^, both ppo^, 

at a depth of x5-<zo fathoms ; vast munbers frequent the iiiW 
S^Sueae Canal. A typical kind of C^honmnid larva, such as that 

a wdM^vdboped bead and tutiUc with a pah of ^ 



ampomspjii r 

ht fvoiaiorM last MfydmMi tMigitoait ia {dm» paaiid^a;^ im 
>re8tait m tte prdilioma: €mif or* more rarely, aire abeeat^ Tw pate of dteaate 
)loQdi*gilia ttiay be preaeot on tte rttb segment. an4 two pate <«( pafdlla4ite Snat 
;ille am pteed aronr^ the aaua. Tn C. 4 orsaits tne tracteal ayatem la gteaily redeoad 
knd tested to the thorax, where there are two pairs of clos^ sptedee. A nnnteir 
>f species are red, owing to the presence of haeznogiohin dissolved in the hlood-ptema* 
ind are commondy known as *^blood-worms.*' It was pointed out many years ago 
)y Lankester that haemoglobin occuis among invertebrates when increased teiUties 
or oxidation are required, as by burrowing forms and those which lurk in the mud of 
.tagnant pools. Surface-haunting Chironomid larvae are generally green* The 
arvas usually live in tubes either free, or attached to stones, etc*, and compeW of 
nud particles or of vegetable fragments, sticks, particles of green leaves. Confervas, 
>tc. The pupae may be active (Tanypus), float at the surface of the water, or remain 
it the bottom of the water : in the latto case they rest in the old lairval tube which 
s often provided with the addition of an operculum. The pupal respiratory organs 
sither consist of a pair of much branched filaments, or of simple tubes : they are 
•arely absent. 

The Ceratopogoninas fall into two groups — those with aquatic, vermiform larvae 
xrhose imagines are more or less bare-winged {Cultcoides, Bezzta) and those with 
^estiial larvas found in sap, under bark or m decaying orgamc matter. The latter 
.nclude Foretpomyta and Dasyhelea whose imagines have bmry wings. The distino* 
tions, however, are not absolute as some larvas of Culiandts are terrestrial and certain 
)f those of Foretpomyta are aquatic. For the British species, see Edwards (tqsd)* 
The best account of the larvae is that of Saunders (1924-25). 

The Clunioninae include certain remarkable maritime genera whose larvas live 
imoiig algae, and the adults are apterous. Among them are Belgica Jac. from Pata** 
joma, Hahrytus Eaton, Kerguelen I, and the European Clunto Hal, the males of 
ivhich are winged. For an account of marine Chironomids see Edwards (1926A). 

Parthenogenesis is known to occur in a few Chironomids and results in the pro- 
iuction of females only. The fiist observations were made by Grimm on Tanyiarsu& 
m 1870 and have been confirmed by Zavrel. Both the pupa? and newly-emerged 
imagines are parthenogenetic. Corynoneura celertpes Wmn. and Chtranomus claviUi- 
cofwts Kieti. also lay parthenogenetic eggs (Edwards. 1919). Pdf'dogenesis has been 
ascertained to occur m the larva of Tanytarsut dtsstmihs by Johannsen in America 
{Science, 1910, p. 768). For the classification of the family vide KiefEer (1919), and a 
good deal of general information will be found in the works of Johannsen ( 1905), Malloch 
(1915, 19X5A), Miall and Hammond (1900) and Goetghebuer (Fauna de France). 

FAM. GEGlDOMYlDiS (Gall Midges ). — ^minute deucatb flies with loMg 

MONIUFORM ANTENNJE ADORNED WITH CONSPICUOUS WHORLS OF HAIR ; OCELU 
PRESENT OR ABSENT. WINGS WITH FEW LONGITUDINAL VEINS, FOR THE MOST PART 
UNBRANCHED, AND WITH NO OBVIOUS CROSS-VEINS. COXJB NOT LLONCAXE, TIBIiB 
DEVOID OF SPURS. LARVA PERIPNEUSTIC WITH A REDUCED HEAD AND USUALLY A 
STERNAL SPATULA. 

The Cecidomyidse include a large number of fragile and often very minute insects* 
The antennal characters, and the greatly simphhed venation, enable these midges 
to be easily recognized. Among the best known species is the Hessian fly {Mdyettola 
destructor) whose larvae are often destructive to wheat (vide Enoch, 1891) ; from 
Kurope it has been mtroduced mto N. America and New Zealand. The Pear Midge 
(Contariftm pmvora) is one of the most senous pests of that fruit m Europe ; its 
larvae feed gregariously in the young fruitlets, which become deformed sub^ 
sequently decay. 

The best general monograph on the family is that of Kicifer (1900) while the plant 
galls are described and catalogued by Houard. A good deal of information is also 
given m the ndmerous reports of Felt, and most of the Bntish galls are dealt with in 
the works of Cozinold and Swanton; for the Cemdomyids affecting cereals vide 
Marchal (1897). 

harvai C^domyidas exhibit great diversity of habits and may be classified as 
follows ; 

1 . Eoophagous species of which very few are true parasites : Keiffer instances 
^ndaphts pmidMS Kief which parasites Drepanosiphon plaianotdes Schr. A con- 
siderable number are predaceous, preying mainly upon Homoptera, but others attack 
; a latr of JLestodiphsis) attack dipterous larvas and pupae, including 

those of other C^omyidas. 

IL SapMmteaOus species. Kieffer xecords species which hve among the exite- 
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ment of TipoUds and lefddopterotis iBxvm, and a few are found among decajnng 
vegetable matter. 

III. P]i3rtophagous apedes wbich may be divided into a.— Those which hve on 
or within various parts of plants without producing any gall formation. A numb^ 
of species live on the spdkelets of Graminae, others in the flowers of Compositse, in 
fruit, or among Fungi, b . — Gallicolous forms : a few live in galls formed by Cole- 
optera, Trypaneidas, and other Ceddomyidae. c. — Cecidogenous or true gall-making 
spedes. The vast majority of the family come under this category and all parts of 
die plant may be affected. Felt (19x1) computed that 438 species, induded in 44 
genera, of American Ceddomyidae affected 177 plant genera comprised in 66 families. 
Of these 146 spedes formed bud-galls, 44 fruit-galls, 218 leaf-galls, 130 stem-galls, 
and 4 formed root-galls. The Composite, Salicaceae and Gramineae are the most 

frequently selected 
both in America and 
Europe. One of the 
most generalized of 
true gall-mak^s is 
Rhabdophaga (Which 
is partial to 
produdng simple 
deformitie s^uch 
as bud and subcu- 
ticular galls. Dasy- 
neura also forms 
comparati V ely 
simple leaf- and 
bud-galls on various 
plants. 

The larval struc- 
ture is dealt with at 
length by Kieffer, 
and the larvae are 
usually rather short 
and somewhat nar- 
rowed at both ex- 
tremities. They vary 
in colour, being fre- 
quently white, yel- 
low, orange or bright 
red, and occasion- 
ally brown. The 

_ , * - ^ head is very small 

FlO. 593 — A, Larva of CoyrARiifiA pjbjvora, dorsal view ; « _ j inrnTTinl<>tplv 

spiracles. B, Ventral Aspect of ist Thoracic Segment 
( i) showing Sternal Spatula SP. C, Antennal Joint of ainerenriaxea , pifc,- 
Xrioj>M08ia pRMoox male showing Circumfili c. ment spots are pre- 

sent but there are 

Adapted from Kiefier, Ann . Soc . Ent . Fr . lyoa eyeS. Thirteen 

trunk segments are 

evident, the first being intercalated between the head and prothorax. There are 
nine pdrs of spiracles situated on the prothorax and first 8 abdominal segments. 
According to Kieffer the larva of Rhinomyia perplexa is exceptional in possessing 10 
pairs, the additional pair being situated on the anal segment. The most character- 
istic structure associated with Cecidomyid larvae is the sternal spatula or so-called 
breast bone " {Fig. 593), which is situated mid-ventrally on the thorax. It is an 
jugate, chitinized sclerite either toothed, pointed, or bi-lobed anteriorly : in some 
genera it is wanting. The function of this organ has been variously interpreted as 
;an organ of perforation used for abrading plant tissues, as a locomotory organ, or 
im elmging the position of the larva in its cocoon or case. Many larvae possess the 
power of leaping [Coniarinia» etc.) and, according to Giard, in performing this act 
tbfi smi crochets lock into the extremity of the spatula. The larva is thus curved 
into, a Ibop, perpendicular to the surface upon which it is resting. By means of 
a; sudden release of the tension it may be projected a distance of several centi' 

i of pupation occur in Cecidomyidae. In the usual metho 4 tte pups 

'fji enclosed in a cocoon which may be either single or double ; tn Mayetiola w^ Oho^ 
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itmyia the outer layer has the appearance of a pnparium and is formed by the per- 
sistent larval skin. 

The adults usually bear circumfili on the antennas : they are best developed in 
the males and are curious looped filaments or tortuous threes. In Coniarinia and 
its allies each loop is fused basally with its fellows, thus producing an apparent whorl 
around each segment (Fig. 593 C). Their function is obscure, but it is presumably 
sensory. For the occurrence of paedogenesis in this family, see p, 164. 

FAM. MYGETOPHILIDiE (Fungus Gnats). — small flies provided with 

OCELLI, ANTENN/E LONG, USUALLY LACKING WHORLS OP HAIR IN THE MALE J COXM 
elongate, riBlM SPURRED. LARViE SMOOTH AND VERMIFORM WITH A SMALL DARK 
HEAD, EIGHT PAIRS OF SPIRACLES, AND LIVING GREGARIOUSLY IN FUNGI OR DECAYING 
VEGETABLE MATTER. 

The fungus gnats are delicate flics of a small or medium size, often bearing a 
resemblance to gnats or midges, and exceedingly numerous in individuals and species. 
Upwards of 2,000 species are known, and the geograpliica] range of the family is very 
wide. In coloration fungus gnats are seldom striking — blacks, browns and yellowish 
hues predominating. The body is elongate and compressed, with the tiiorax more * 
or less arched, and sometimes markedly so. The antennae? (Fig. 578) are almost 
always long and filiform, and composed of 12-17 joints, 16 being a common number. 
The tibiae are slender and armed with apical spurs, and the tarsal claws are toothed 
or pectinate. Sexual dimorphism occurs in a few species of the Sciarinep, In Sdara 
semialaia Edw. for example, the male possesses greatly reduced wings while the female 
is normal. In Epidapus scahiei Hop. the female is destitute of both halteres and 
wings, while the male exists in t\^o forms — one with reduced and the oUier with 
normal wings. 

The larvae of a number of species have been described and the valuable paper by 
Osten Sacken (1862) should be consulted together with more recent work by Malloch 
(1917) and Keilin (ioiqa)- They are soft and whitish, with a small black or brown 
strongly chitmizod head, and 12 body segments. They are elongate and vermiform 
in shape, and generally sufficiently transparent to reveal much of their inner anatomy. 
The cuticle is smooth and devoid of hairs or setae ; on the ventral surface there are 
often transverse swellings which, in many cases, are furnished with minute spines 
aiding in locomotion. The antennaj are always very short and frequently almost 
auhcnt ; they are better developed in Boliiophila than in most other genera. Situated 
below the antennae an oval pellucid spot is often present {Bolitophila, Mycetophila, 
I.eia, Epidapus, etc.) which is probably of the nature of an ocellus. The respiratory 
system is peripncustic with 8 pairs of spiracles. The latter are found on the pro- 
thoracic and first 7 abdominal segments, the prothoradc pair being the largest. 
Exceptional genera include Ditomyia and Symmems with 9 pairs of spiracles (Keilin, 
1918A) ; Platyum is stated to be devoid of spiracles and provided with protrusible anal 
gills and Polylcpta, according to Schmitz, is propncustic. 

The imagines are found in a variety of situations, most commonly in damp or dark 
places, where there is fungoid growth, or decaying vegetation. Cellars, sheds, manure 
heaps and damp secluded parts of woods furnish many species. One of the charac- 
teristic features of these flies is llieir power of leaping, the hind-legs being adapted for 
the purpose ; many species simulate death when disturbed. The popular name of 
fungus gnat is derived from the fact that the larvae feed upon fungi more often than 
any other substance. A number of species however are found in rotting wood and 
other decaying organic matter, including leaf-mould and manure. The larvae axe 
markedly gregarious, and many species construct a loose slimy web on their pabulum. 
Those of Leia^ Sciophila and Ceroplatus are very active, gliding with great facility, 
either backwards or forwards, enveloped by the tube-like sheath of threads composing 
the web. Others, such as Exechia, burrow within their substratum lining the tunnels 
with a slimy secretion. The larva of Mycetophila ancyliformans Holmg. is exceptional 
in its mode of life, having been found living singly and exposed on the leaves of a 
bamboo in S. America. It is protected by a remarkable covering of excrementous 
particles which may be readily mistaken for an Ancylus shell, so dose is the resem- 
blance. 

Larvae of the Sciarinae have been found in decaying apples, pe^, turnips, potatoes, 
^tc . and sometimes attack seedlings. In certain species of Sciata they exhibit the 
curious habit of travelling in vast numbers, so closely together as to almost constitute 
a single mAss. This phenomenon is not infrequent at certain seasons in woods m 
Ciennany, Sweden, Russia and also in N. America. The migratory columns are elon- 
gate in form, and have been termed " snake worms *' in the United States, on account 

their snake-like movements and appearance, which are said to resemble a thin gray 



reptS«. They progrees as a sii^ taaes v 4 ih the larvae several 4eep4wr eadhtioifaer, 
vaA the raoveme&t Is stated to be at the rate of about an loch a sodnute. Zb Baxope 
they have been termed the axxny wonn/* but in America this enQiiesation is more 
properly applied to certain Noctmd cateipillais. lintner mentiosn the stmuea of 
larvae as often being za-zj ft. long, a-3 inches broad, and perhaps i inch in thIddEiess. 
In the United States one species has been reared and identih^ as Soia^a fratifna ; 
the ommon European army w<xFm is Sdara mUitaris. No satisfactory explana- 
tixm half yet been advanced to account lor the assemblage of these hordes of motiess 
larvae* Berthold regards the phenomenon as a collection of larvae for the jpufpose 
of mutual protection pzim to pupation. Bding believes that they are mardMug for 
the purpc^ of moving to a item feeding ^und» but as they are usually fi|lly fed 
when the phenomenon occurs this explanaticm is open to doubts 

Severn species exhibit luminosity, which appears to have been first observed in 
the larvae and pupae of Ceroplatus sessiodes by Wahlberg in 1838. A partlcul^ly 
brilliant light was observed by Hudson in a New Zealand spedes {BoHtophila 
. lumintm), who remarks that theUght exxutted from a single larva kept in a cate^lar 
cage may be seen streaming out of the ventilators at a distance of several^ feet. 
Wheeler and Williams (Z915) describe it as being emitted from the distal pz^on 
of the tnak^ghiam tubes. The pupa and female imago are also strongly luxiwous 
but« aCGOrdtog to Norris {EnL Month, Mc^., 1894), eachibi^ this 



•B/jr/o MAitoj, Venation. 


i Mycetoffiiilids spin true cocoons for pupation while others construct a 
case of earthy material : the pupa in Leia is simply suspended by means of 
threads. In Epiorypta the larval skin is adapted to form a shell in which to pu], 

but the pupa itself is 

fti ^ free. The eggs are 

laid singly or in small 
gproups, occasionally 
in strings, on what- 
ever substance serves 
as food for the larvae. 
Many species pass 
through several 
generations in the 
course of a year, and 
as a general rule 
larval and pupal life 
is of short duration 
although certain 
species hibernate as 

p^pae. According to Johannsen the time occupied from the egg to the adult may not 
esiM^eed two weeks in midsummer. Edible mushrooms are frequently attacked by 
Seiara, Exechia and Mycetophila, They completely riddle the plants and 
: fUay ruin a whole mushroom bed. Not infrequently they are introduce into the 
muriiiroom cellars through the agency of the manure used in the beds. According to 
l^pkins there are forms of potato scab and rot which are not due to fungoid disease, 
blit the direct result of the attacks of species of Sciara and Epidapus, Sciara 
CcKj. damages roots and stems of young wheat plants, and Johaimsai remarks 
is no lack of evidence that Sdarinae damage the roots of cucumbers, grass 
and lotted plants. ^ 

' The most important recent works on the family are the monographs of Johannsen 
(i^) and the account in Lindner's textbook. Information conceriung :&iti 9 h 
Hycetophilids is given by Edwards (1913# 

; FAM. BIBIONIDi®.— AKTENNiE 8 TO z 6 -J DINTED, USUALLY SHOETEK THB 

YHB JOINTS BSAD-LIKE AND CLOSELY APPOSED (Fig. 578). WINGS lAE 
ANTEEIOE VEINS MORE STRONGLY MARKED THAN POSTERIOR (Fig. 594}. , S^bsS IN 
tlAXil^, HOtOPZXC OR APPROXIMATED, OCELLI PRESENT. LARVRt TSRREStRX 4 % PBKi- 

'yaiBUsnc. - * 

’’ Th* Bibioidda are lobust flies, often pubescent with dtotfer jSb^'efl^^ than 

oi^ dSwr Nematocera. In the males the e}res often occupy nearly the wbete of tte 

iisi^ SiSd the upper facets are mudi larger than the lower. two series be i n g idiarply 
4 ifianBBtiated. Certain species exhibit colour dimorj^usm. the females olfeett being 
^ogd^WMbrawn while the males are entirdiy black. 


eiNwies. of the sub-family Bibionidse frequent meadowsi, grale^"b«laom ^ 
jj^njhsk'vafetatioo nod often apjpear is great awmbers. 



of In tmi moitML Tbxm lai JMNb WoaU, t^n^\ 

ai^ 4 Q<t«n gragiitoiii said, latrucilWAVy, Huff nre tbo moat naittitive of tJl diptomw 
hufviBa, are wHh a easortod iuuA, weQ davdoped mouA* 

parM ted ata devoid of ptaendofiods (Pig. sm). JSacii siigintet; iM provided vdtb a 
band 4d ehort flatey ptoeesaea* tjie latter attaining thdr greatest length on the xxtb 
and rath segments : the first segment is transvei^y divided and cattles two bands 
of these processes. Open spiracles are present on each segment except the and and 
xxth, the hindmost pair beuig considerably larger than its fellows, l^pation oceuti 
in an earthen cdl 
below ground. 

The Scatop* 
sinm are regarded 
by some authori- 
ties as constitut* 
ing a separate 
family. Their 
larvae Uve in de- 
caying organic 
matter and pupa- 
tion takes place 
m the persistent 
larval skin. In 
Scatopse (Morris^ 

1918} the larva 
18 provided with 
longitudinal and 
transverse bands 
of hairs: nine 
pairs of spiracles 
are present on the 

1st segment and on the 4th to xith segments respectively, the hindmost pair being 
carried on stout chitinous pedicels. The iith segment two posteriorly directed 
processes fringed with long hairs. For the British Bibionidae, see Edwards (xpa^). 

FAM. SIMULlIDdS — small stoutly BUILT flies with short legs and elonoatb 

MANDIBLES. WINGS BROAD, ANTERIOR VEINS THICKENED, THE OTHERS FAINT. ANTBNNJI 
II-JOINTBD, SCARCELY LONGER THAN THE HEAD : OCELLI WANTING, THE MALES HOLOPTIC, 
LARVJB IN RUNNING WATER ATTACHED TO ROCKS BY THE ANAL EXTREMITY^ SPIRACLES 

CLOSED. 

A small family of world- 
wide distribution and in- 
cluding the familiar *' buf- 
falo gnats ** of America 
(Fig. 596). In the males 
the eyes have the upper 
facets markedly la^er 
than the lower, and the 
1st tarsal joint is usually 
much dilati^. Both sexes 
possess elongated tderdng 
mandibles which are 
broader in the female than 
in the male. The femalss 
of certain species 9 ft 
active blood-suckers and 
in some countries are 
veritable scourges. 5 . iH* 
dicum, the ” potu " fly, is a troublesome pest in parts of the Himalay^, and S. 
columboGtense Schfinb. is at times a great scourge of man and domestic animals^ par- 
ticularly in regions bordering on the Danube. It often appears in enormous swarms 
and the flies attack the orifices of the body entermg the ears, nostrils, margins of 
the eyes, etc., in great numbers, and their punctures produce an inflammatory fever 
often resulting in dealh. Certain otherspedes arepests in many partsol N America: 
o. in$ri4ianak lUl^ causes the death of numerous turkeys and chickens in Virginia, 
S, pMmum raey is the common American buffalo gnat. In a few i nsta nc es 
species eg thieifente MVP bpte observed to suck blood Of otlm Sambw 



VMNVBTWM Say (« nipTAitB L.), Female. 
X 12. N. America. 

Raprotoad by permiMloa of the Tnisteat d the British Museum. 




^0 


diptera 


hag ^udvBSxodd the fheoiy that the disease In Italy known as peUagta is ^ansmitted hv 
SimuHum. Outbreaks of this complaint are stated to be confined to those districts 
iiM^ted by the ^fiy and to those periods when the insect is on the wing. 

Adult Simuliidae occur in the neighbourhood of streams and nvers ; the eggs an- 
laid either on herbage or stones, above or beneath the surface of the water. Britten 
{Ent. Month. Mag., 1015) has observed the female of S. maculatum Mg. submerged 
to a depth of i foot during oviposition : the eggs are laid on vegetation and are coated 
with a gelatinous secretion. 

The larv® are invariably aquatic and require swiftly flowing water for their 
environment, and for this reason they are often found congregated in the vicinity of 
rapids and waterfalls, etc. Information concerning the metamorphoses of the family 
is given by Johannsen (1903-05), Meinert (1886), Puri (1925) and Jobbins-Pomeroy 
{U.S. Agric. Dept. Bull. 329). In the larvaD the head is complete and is characterized 
by the large maxillae and the prominent mouth brushes. On the ventral aspect of 
the thoracic region there is a foot-like protuberance provided with booklets : it func- 
tions as a kind of sucker and is formed by the fusion of a pair of pseudopods. On the 
anal segment there is a second sucker, armed with concentric series of stout booklets 
and, associated with the anus, is a group of rectal gills which vary in number m 
different species. Nine pairs of minute spiracles are present from the mesolmorax 
to the 7th abdominal segment ; but respiration is performed by means of the ipctal 
gills, which contain blood and are supplied with tracheoles (Taylor, 1902). The l$,rv.p 
fix themselves to their substratum by means of the anal sucker and, as a meaas of 
locomotion, they loop the body after the manner of Gcometnd caterpillars, bringing 
the anal extremity forwards beside the anterior sucker. Before pupation the larva 
forms a pocket-like cocoon open above ; the pupal respiratory organs are composed 
of long tube-like filaments, which protrude from the cocoon and obtain oxygen from 
the moving water. For the British species of Simuhum and their larvae reference 
should be made to papers by Edwards (1915, 1920). 

FAM. BLEPHAROCERIDi®. — ELONGATE flies with long llgs : eyes in both 


SEXES OFTEN HOLOPTIC, AND USUALLY BISECTED INTO AREAS OF DIFFERENT SUTD 


OMMATIDIA : OCELLI PRESENT. THORAX WITH TRANSVERSE SUTURE : WINGS WITH A 


COMPLEX NETWORK OR PERMANENT FOLDS. MOUTH-PARTS IN FEMALE ADAPTED tOR 


LACERATING. UVRVAE AQUATIC, ONISCIFORM, WITH VENTRAL SUCKERS. 

A small family of very wide but discontinuous geographical range. It is confined 
to hilly or mountainous districts and is unrepresented in the British Isles, The adults, 
frequent the borders of streams ; they are weak fliers, and are less often met with than 
the larvae. The females are predaceous, preying upon small Diptera, and the males 
probably feed upon nectar. The wings possess a fine network, or “ secondary vena- 
tion," of creases or folds in the membrane, which have not been obliterated all or 
emergence from the pupa. The larvae inhabit swiftly running hill streams whore 
they fix themselves by means of their ventral suckers to rocks and stones, usually in 
places where the current is swiftest. The head, thorax and first two abdominal seg- 
ments are fused together, and the remaining segments arc deeply incised laterally. 
A longitudinal row of median ventral suckers, u.siially six in number, is their most 
characteristic feature : to the outside of each sucker is a group of digitate processes 
which are regarded by Kellogg as being tracheal gills. The tracheal system is pen- 
pneustic ; the spiracles are minute and situated ventrally, but in all probability are 
closed. The pupa: are broad, and flattened beneath, adhering tenaciously to rocks, 
etc. : the respiratory horns are lamellate, and the legs extend almost to the apex of 
the abdomen. For a bibliography of the family together with a table of the larva* 
vide Bezzi (1912) ; Kellogg's monograph (1907) and the important paper on the 
larvaE^ of Indian species by Tonnoir (1930) should be consulted. 

FAM. DEUTEROPHLEBIIDi®. — ^antennae filiform, very elongate, wings 


WXTH A NETWORK OF CREASES ; OCELLI, MOUTH-PARTS AND TRUE VENATION ABSENf 

This small family consists of a single genus, Deuierophlebia, which is perha]^ allied 
to the Blepharoceridae and occurs in N. America and the mountains of Kashmir 
(vide Edwards, Ann. Mag. Nat. Hist. IX. 1922). Pulikovsky {Trans. Ent. Soc. Land 
1924) has described the larva and pupa from streams in the Altai Mountains. The 
is provided with seven pairs of large segmental outgrowths bearing suckers, 
afid it respires by means of anal blood-gills. 

FAM. THAUMALElDiE (Orphnephilidae). — ^antenna op two apparent joints 
IErminatbo by a io- or 1 1- jointed style-like appendage : palpi longer than 
antenna; eyes holoptic in both sexes, larva aquatic, AMPHXPNBUSIIC. 


tNtBONOMXD-tlKE. 

A small family readily distinguishable from all other Nematocera by the structure 



BRACHYCERA 


6si 


of the aat«ta». Tlw a^ts are small sluggish insects and in Britain Thaumaieia 
tatacea he swejjrt from gr^ ^d other herbage bordering hfll-streams The 
larva of tlw sjJeqies has bjsen described by Saunders (Ann. Mag. if at. Hist joaal 
and m gwefal appeaxraw it resembles that of a Chironomid. l 4 Soradc aiid^ 
pseudopods Me pr^nt togethCT with paired dorsal and blood giUs, and spiracles are 
evident on &e tot ^ penultimte segments. The pupa is aLost entirlly covered 
with small which even extend on to the short respiratory horns. Its anal seg- 
ment 18 provided mth a pan of slender upwardly directed processes and two elongate 
seta. For a revision of the family, see Edwards (Zool. Ane. loagl. 

FAM. RHYPHI]>.A. discal cell present : eyes in male often holoptic. 
OCELLI evident. ANTENNA 16-JOINTED, ABOUT AS LONG AS THORAX. LARVA 
AMPHIPNEUSTIC, SAPROPHAGOUS. 


A small family of gnat-like flies represented in all zoogeographical regions. In 
the p^ence of a discal cell Rhyphus (Fig. 34) differs from other Mematocera excepting 
the Tipulida, but is separable from the latter on account of the absence of the V-shaped 
niesonotal suture and the presence of ocelli. The whitish larva of this genus is well 
known (Perris, 1870 ; Malloch, 1917) nnd lives in decaying vegetable matter and • 
manure. It is about 10 mm. long, elongate-cylindrical, and devoid of pseudopods. 
The thoracic segments are longer than broad, and those of the abdomen are separated 
by intercalary rings, giving the appearance of an increased number of segments. 
Spiracles are present on the prothoracic and last abdominal segments. The larva of 
Mveetobia * resembles that of Rhyphus (vide Keilin, 1919) and occurs in sap and in 
fungi found about decaying parts of trees. In Tnchocera the larvs live among fungi 
and decaying vegetation (Keilin, 1912). Mycelobia was placed for many years in 
the Mycctophilidse until its affinities were reinvestigated by Edwards (1916) and Keilin. 


Sub-order II, Brachycera 

The Brachycera include fourteen families whose antennal characters 
are so varied, that the student will probably recognize many of its mem- 
bers more readily by means of the venation and the short porrect palpi. 
This applies particularly in the case of Xyhphagus, RhachiceruS and Coeno- 
myia where the 3rd antennal joint is annulated to such an extent as to 
resemble the flagellum of some Nematocera and, furthermore, the style 
is wanting. It is also noteworthy that the discal cell is absent in the 
Dolichopodidae and certain Empidae. For a discussion of the affinities of 
the Brachycera and their larvae the student is referred to the introductory 
pages of VerraJl’s work (1909). With the exception of the Stratiompdae, 
the head in brachycerous larvae is usually retractile within the thoraoc. 
The tracheal system is typically amphipneustic, and rarely peripneustic 
or metapneustic. If we except Stratiomyidae, the pupa is free and not 
enclosed in the larval skin : very rarely a cocoon is present (Dolichopodidae 
and Drapetis). The pupae may be recognized by their thorny appearance, 
spines being present on the antennal sheaths and other regions of the head 
and thorax. The abdominal segments are also usually provided with 
girdles of spines and the terminail somite is armed with pointed processes. 
The prothoracic respiratory organs are usually sessile. 

Table of the Families of Brachycera : 

r (12). — ^Empodium pad-like nearly or quite as large as the two 
pulvilli. 

2 (ii). — ^Wing veins never running parallel with hind margin 

of the wing. 

3 ( 8 ). — ^Third antennal joint annulated. 

4 ( 5 ). — ^Vein C not entirely surrounding the wing. stratiomyida 

(p. 652) 

5 ( 4 )*~-Vein C entirely surrounding the wing. 


’ The imago of Mycetobia is more closely related to the Mycetophilidae than the 
ohyphidat and the disad cdl is absent. 





mmRA 


6 htxgo. 

7 (6).~-^aMaje vestigial. 

8 (3) •"-tbiid antennal joint not annulated, or, if annuUted 

an elongate flagellum present 

9 (xo),< — SquamdB extremely large : globular flies with small 

head. 

10 (9). — ^Squamae vestigial : not such flies. 

I X (2 ). — A number of veins running parallel with the hind margn 
of the wing. 

12 (x).-^£mpodium absent or represented by a bristle. 

13 (16). — Flies clothed with dense furry pile. 

14 (15)* — ^Ma,M4 separate except at apices : proboscis short. 

* 15 (14). — fused : proboscis usually elongate. 

16 (13). — Flies not clothed with dense furry pile. 

*7 (20). — Flies devoid of bristles except in some cases on the legs. 
x8 (19). — ^Antennae not terminating in a jointed club : Rj short. 

19 (18).— ^Antennae terminating in a club : R], long. 


(P. « 54 ) 

MUftPiwmoMnD 


CYRTIDA 

(p. 656) 

LEPTIDA 

(P. 653) 
NBMBSTRINIpi 


THBRBVIDS 

(P. 658) 

BOMBYUIDS 

(p. 659' 


SCBNOPIMID. 

(P- 657 

lfYDAID;fi 

Asm 


20 (17). — ^Bristly flies. 

21 (24). — Cubit^ cell long and pointed. 

22 (23). — Ml terminating ^fore the apex of the wing : proboscis 

not adapted for piercing. 

23 (22). — terminating a good way beyond the apex of the 

wing : prot^cis homy and adapted for piercing. 

24 (2z) — Cubitd cell usually short. 

25 (26).— Proboscis horny, often long: very rarely metallic 

green flies. 

26 (25).~Proboscis short and fleshy : metallic green or bluist 

flies. 


APlOCnRIDAS 


(p- 657) 

ASILID^B 

(P. 658) 


BMPID.S 

(p. 660) 

DOLlCHOPODIDiB 
(p. 661) 


FAM. STRATIOMYID.®. — bristleless flies with the 3RD antennal joint 

ANNULATED, SQUAMA VERY SMALL. TIBIA ALMOST ALWAYS WITHOUT SPURS ; AND 
THE SCUTELLUM CONSPICUOUSLY DEVELOPED, OFTEN WITH SPINES OR PROJECTIONS 
WXNO VEINS CROWDED NEAR COSTA AND MORE STRONGLY MARKED THAN THOSE 
BEHIND : C NOT ENCOMPASSING THE WING. PULVILLI AND AROLIUM PAD-LIKE. 

The StratiomyidcB (Fig. 598) are small to rather large flies, more or less flattened 
and usually with white, yeUow, or green markings ; m the Sarginae, however, the 
imvalUng colour is metallic green. Considerably over 1,000 speaes are known and 
of these about 50 are British. They are not strong fliers and occur on umbelliferous 
mul other flowers and herbage, especially in damp situations. The Xylomyinae are 
the most aberrant members both as regards their venation and the presence of tibial 
spurs ; they are annectant between this family and the Leptidae. Many authors 
nave united Xylomyta with the Leptid genus Xylophagus to constitute a separate 
Xylophagidae, but we follow Osten-Sacken and Verrall in retaining the 
latter group in the Leptidae. 

The metamorphoses of a considerable number of Stratiomyidae are known : the 
eggs are laid on plants near the edge of water, or even on the surface of water, also m 
4 mg or in the soil. The larvae are carnivorous or saprophagous, and either terrestrial 
ent aquatic, the tmestrial larvae being large scavengers : those of the Xylomyine 
doenr in zottmg wood. Stratiomyid larvae exhibit considerable diversity of form ’ 
gU have a peculiar thick leathery skin imprecated with calcareous matter. The 
laead is small and exserted, and there are zz trunk segments, none of which bear 
psSudopods (Pig. 597). Although often described as being peripneustic, it is doubtful 
ifrfliSther they are functionally so ; they appear to be physiologically nwtapneustic 
or in spnxe cases amphipneustic. The lateral spiracles, with the ejcceptfam of the pro* 
Umadc pair, are minute and diflSlcult to detect. In StraHmyia 9 pahra are present ; 

Sre situated on the zst and 3rd thoracic segments, and on each of the flrst 7 
segments. Although stated by Brauer to be perkmeustit, IdWQ remar^ 
’’llgki the latSkUl qifisncles aze dkisied. The or poStSrlor qpiiastos grs 
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oped «ad art in n luimo&tal fissnns. ftiaged irWi h$i^ in tiie aqaatic lotma. 

The tew of Sbmim^ and Oimomyia an elosipite and 1»per towaixla <tte 

analeauMK^. ' In Ite sooner genns the last is nmdhdtaamontaaidtatelar: 

in nwter oc mud. and hang from the eurfaoe by meant of tfaa t*** 


these Ufllrte 

coronet of feathery hairs which 
IS spread out in an asteriform 
manner^ When the larva des- 
cends, the hairs are drawn in- 
wards and enclose ^a large air 
bubble: as the latter becomes 
used up the larva returns to 
the surface. The larva of 
Xylomyia resembles that of 
Sargvts, being broad with parallel 
sides, and the usual leathery 
skin is impregnated with calca- 
reous matter. It is regarded as 
being amphipneustic with pro- 
thoracic and terminal spiracles : 
according to Lundbeck non- 
function^ lateral abdominal 
spiracles are also present. Stra- 
tiomyid pupae differ from other 
Brachycera in being enclosed 
within the larval skin. Tables 
of the larval characters for 
each sub-family are given by 
Verrall (1909) : further informa- 
tion will be found in the works 
of Lundbeck (1907) and Irwin- 
Smith (1920-23). 

FAM« LEPTIDi®. — ^BRISTLE- 
LEbS FLIES ; WITH THE 3RD 
ANTFNNAL JOINT USUALLY NON- 
ANNULATED WITH A TERMINAL 

SIYLE (Fig. 578), SOME OR ALL THE TIBIiB SPURRED, SQUAMSE PRACTICALLY 
ABSFNT, WING VEINS WELL DEFINED, NOT CONTRACTED ANTERIORLY. PULV 1 U 4 
AND AROLIUM PAD-LIKE. 

The I^ptidae include rather elongate dies of sombre coloration, usually thinl> 

pilose or almost bare 
(Fig. 599). Over 30c 
species have been de< 
scribed, of which ahotti 
19 are British. Nor* 
mally they are preda 
ceous upon other in 
sects, but it is recorded 
that the female o: 
Sympheromyia 
Amenca and Spaniopsti 
in Tasmania are blood 
suckers; the same habi' 
has been stated in 
occur in LepHSt bu 
further observations oi 
the latter genus ari 
needed. The Xylo 
phaginas and Coenomy 
ins are aberran 
groups with the sn 
antennal joint annu 

Isted ; theiif jkMdtlbn has long been under discussion, and both have been elevated t 
famUy Twalt by dipteriste. 

, ^ tertteUxtldibscHi of many l>ptide are known (Bding, 1875, 188* : 

*926) ; tte tew CKg. 597 ) are ojiin^rted. with a small mwerted head succeeded b 


Fig. 597. — Larvaj of Brachycera. A, Af/osa 
OHMTSA ; Sp, spiracles. B, Tasaffs. C. Lmpm. 

A and C aftAr Cameron, Jwm Econ Btal. 8 *, B ufttr Kinf . 



Britain 




634 DIPTERA 

ri txunlc 8e|p!nents, which or may not bear peeudopoda. The abdominal segments 

often possess transverse denticulate^ ventral swellings which aid in locomotion. The 
last segment is modified and marked by lon^tudinal folds or grooves, or provided 
with hairy processes. Leptid larvae are carnivorous, preying upon other insects or 
their larvae : according to Marchal the larva of L. tringana lives upon small Oligo- 
chaetes. Their usual habitat is in the earth or in leaf mould : Atherix, however, is 
aquatic. The larva of Xylophagt^ difiers from that of other Leptidae in the head being 
prolonged into an elongate pointed process, which beaurs a small terminal opening, 
through which the mandibles axe protruded. The thoracic and posterior abdominal 
segments have strongly chitinized dorsal areas, and two powerful anal hooks are 
evident. This curious larva is adapted for making its way ^ough rotting wood and 
beneath bark, and is stated to be predaceous ; it is figured by verrall (1909), Perris 
(1870) and Malloch (1917). The larva of Cctnomvia has been described by BeUng and 
also Malloch (1917) : it exhibits affinities with that of Xylophagus, having somewhat 
similar chitinized dorsal areas. It occurs in decaying wood and in earth near trees. 

, The larva of Athertx has been described by Dufour, Brauer, and more recently by 
Malloch (1917} : the head is minute and each abdominal segment bears a pw of 
pseudopods capped by spines. The sides of the body are fringed with numerous fila- 
mentous processes which have been regarded as gills, no spiracles having been dewted. 
The anal segment carries a pair of prominent, hairy, backwardly directed proc||Sses 
The females of Athertx deposit their eggs in masses on dry twigs, etc., overhanging 

water, into which the larvae 
fall upon hatching out. 
Many individuals lay their 
eggs on the same cluster, 
and afterwards die on the 
spot, often in numbers 
As their dead bodies ad- 
here together, large in- 
crustations are thus 
formed. In Oregon the 
Indians at one tune col- 
lected these masses of eggs 
and flies for food (Aldrich). 
Females of Vermileo lay 
their eggs in sand, and 
the larvdB construct coni- 
cal pitfalls for the capture 
of their prey, after the 
manner of “ ant lions." 
The 5th segment of the 
larva bears a ventral mo- 
bile pseudopod which 
assists in seizing and holding the prey. The loth and nth segments each carry a 
transverse row of long booklets which serve as organs for boring and fixation. 

FAM, PANTOPTHALMIDiE. — ^very large bristleless fues with the 3RD 

ANTENNAL JOINT ALWAYS ANNULATED. ANTERIOR VEINS NOT APPROXIMATED NEAR 
THE COSTA, C ENCOMPASSING THE WHOLE WING : SQUAMA ABSENT. MIDDLE TlBIiB 
ONLY WITH A SPUR (RUDIMENTARY), PULVILU AND AROUUM PAD-UKB. 

A very small family consisting of about 20 species of relatively gigantic flies occur- 
ring in Central and South America and the West Indies. They are stated to inhabit 
forests, often alighting on tree trunks. The antennas exhibit a remarkable sexual 
difierence, an annulated flagellum being present in the female which, in the male, 
is much shorter and terminates in an arista. The eyes of the latter sex are 
holoptic with enlarged facets on the frontal and upper regions. The proboscis ^ 
short and not adapted for piercing, and in the female there is a conspicuous several- 
jointed ovipositor. The larvae have been found in the wood of trees and the metar 
moxjdioses of Pantopthalmus are described by Greene and Urich {Trans, Ent. Soc> 
193?), They are thick-skinned, shortly cylindrical, with a small head and large pro* 
thoracic segment. The last segment is chitinized dorsally, and armed with a doiibk 
series of booklets and the spiracles are concealed by an overlying flap. The relations ot 
the family appear to be with the Stratiomyidse on the one hand, and with the 

Tabaxtid^ on the other. For a general revision of the family, see Austen (1923) 

FAM. TABANIDiE (Horse Flies and Clegs).-— bristlblbss fuss of stoOT buu^ 
TBS 3RP ANTENNAL JOINT ANNyLATEP SDT PEVOJP OF A STVLE 578). 



Fig. 599. — Lkftjs boolopavba, Male, x 3. Britain, 



TABANID^ 65s 

VERV IATBRAU.Y SXTBKPSD ; PROBOSCIS PROJECTING, ADAPTED FOR PIERCING 

IK THE FEMATE (Pig, 580}. SgUAMiB XARGE, PDEVILU AND AROUUM PAD-UKE. 

Ad extensive family of moderate to large sised flies (Fig. 600)/ including about 
2,000 sp^es, which are distributed over the whole world : 5 genera and 21 species 
are British. They are more or less flattened insects and, as a rule, mottled brown, 
tawny or grey in colour ; Chrysops, however, has more conspicuous hues. During 
life the eyes are iridescent, exhibiting brilliant shades of green marked with bands or 
spots of brown or dark purple. In British Tabanids the proboscis is alwa}^ rather 
short, but ^mc^t every transition may be found among the various genera of the 
family culminating in species of Pangonta, where it may be more than twice the length 
of the body. 

Horse flies are active on warm sunny da}^, and the females arc well-known blood- 
suckers, whereas the males mostly subsist upon honeydew and on the juices of flowers. 
In the absence of blood, the females will also imbibe these same substances (Hine). 
Many species are swift fliers, and those of Tabanus are particularly troublesome to 
horses and cattle, approaching their victims with a loud hum. The piercing action 
of proboscis is often painful, but is seldom accompanied by inflammation* Ex- 
perimental evidence indicates that the disease of horses known as Surra is transmitted 
by the punctures of T. strmius, and other species, and that these flies play an important 
part in spreading the infection. According to Lei per Chrysops dtmidtaia is a vector 
of Filaria loa which is responsible for the affection known as Calabar swellings among 
the natives of West Africa. 

Pangoma may often be 
found hovering over flowers 
on the borders of forests ; 
species have been observed 
to attack both man and 
cattle in various parts of the 
world. Their method of at- 
tack varies considerably in 
the experience of diflerent 
observers. The labium is not 
adapted for piercing, the 
latter operation probably 
being performed by the other 
trophi, the proboscis only 
being used for sucking up the Fig. 600. — T abacus macvuvoksjs, female, x 3. Bm- 
blood. In some species this tain. 

is performed on the wing, in After Vemii 

others it is stated to take 

place after the insect alighted (Tetley, Bull, Ent, Res,, 1918). The species of 
Hamatopota or ** clegs " are veracious blood-suckers and especially frequent damp 
meadows. They axe notable for their quietness of approach, and often the pricking 
sensation of their punctures is the first intimation of their presence. H, pluvialts is 
the most abundant English Tabanid, and is particularly troublesome to man. Accord- 
ing to Portchinsky, in parts of Russia, these flies are so numerous and offensive that 
agricultural operations have to be carried out at night. By covering the pools fre- 
quented by Tabanids with a thin layer of petroleum he succeeded in destroying large 
numbers Of these troublesome insects, which were killed by the oil adhering to their 
bodies. 

The eggs of Tabanidae are spindle-shaped and white, brown, or black ; they are 
deposited in compact masses on the leaves and stems of plants, growing in water or 
marshy places. The larvae (Fig, 597) are 12-segmented with a relatively small retrac- 
tile head, well-developed antennae and strong mouth-hooks. The trunk is cylindrical, 
tapering at both extremities, and usually longitudinally striated ; there is a circle of 
prominent fleshy pseudopods around each of the first abdominal segments. They 
are metapneustic with the spiracles placed closely together in a vertical fissure at the 
anal end of the body. Near the hind extremity of the larva of Tabanus is a p3niform 
®ac, narrowing posteriorly into a fine tube which opens at the surface between^ the 
last two segments. Within the sac is a scries of capsules, each containing a pair of 
minute black pyriform bodies which are attached to the walls by means of delicate 
pedicels. The whple structure is known as Graher*s organ, and can readily be seen 
^ough the integument of the living larva. It is well supplied by nerves and is pre- 
sumably sensory in function. The larvae of Tabanus and Chrysops are closely alike 
but ac<xxding to Malloch (1917) in Chrysops the thoracic segments are either smoutht 




$3$ mPTBBJi 

at loH totricttd^ ttmted than the abdoa^ial, ahd. th« apicai antauniA Joint li lunch 
tima tiie ijM pracedug. In Tabams atriation ia anhbnnly wdl deaniOped 
nvnf tha body, and tibe talwnal aatenn^ joint ia shorter than the pmoedinf one. 
The larva of Oomops dihfers from the usual Tabantd form ia that the Mndmoat s^. 
meots are stouter than those preceding thereby imparting to the body a py ri fo r m or 
dab-hhaped appearance (KcAtee. Proe. Eat. Soe. Wash., igix). The larva oi 
Hmsmtopeta resembles that of Tabanus but according to Petris (1870) and Inadbeck 
(1907) it is amphipneustw. 

Tdiaaid larvae have been found in a variety of moist situations—in damp soil 
boidenng ponds and streams, tmder stones m siinilar places, in mud, vet rotting logs, 
etc. They are carnivorous, devouring small earthworms, cmataoea and insect larvae 
The pupae are markedly dongate and cylindrical. They are characterued by the 
thoracic spiracles being connected subcutaneously with a large cavity on either side 
of the median line, near to the anterior margin of the thorax. Each abdominal seg- 
ment carries 1-2 dorsal bands of dosely contij^ous setae and a weaker senee veatrally. 
The terminal segment is armed with six stout pointed projections. 

The literature <m the family is considerable and for a general account, intmding 
ihe Britisb species, consnlt Verrall (1909), Lundbeck (1907), and the work ci Austen 
(1906). For the morphology and biology vide Cragg (1912} on Hamatopota, thmtext- 
bode of Patton and Cragg (1912) and the recent paper of Marchand (Monog. Eoe^sUet 
tnst., 13). 

PAM. CYRTlDAt (Acroceridae).— bristlbless vtiss witb tbb hbax> ybry shau 

aim AUtOST BMTIKSLY COHVOSBD OF THE BYES WHICH ABB HOLOPTIC IN BOTH SKSSS 

THORAX HUMFBD, SQUAHUB £X- 
CEEDINOLY LARGB : ABDOMEN 
GREATLY INFLATED AND GLOBU- 
LAR PULVILU AND AROLIUIU 
PAD-LIKE. 

A small family of medium- 
sized flies induding about zoo 
species which are readily distin- 
guishable from all other Brachy- 
cera. Although occurring m all 
parts of the world Cyrtidae are 
local and uncommon : two 
genera, Oncodes and Acrocera 
(Fig. 601) are found in the 
southern portion of England 
Fm. dot. -AoaoetMs wavsvs, male, x 7*5. Bri- (Verrall, 1909). Sofaras known, 
TAIN. their larvs are parasitic upon 

4 /rwV«miL spiders living in the ^g-cocoons, 

or attached to the aMomen of 
thefar host. The eggs are black, and have been noted on dead twigs and on Eipor 
stkm : those of Oncodes are laid m masses (Maskell, Jmns. N.Z. Inst., 1888). The 
life-history of Pterodontsa has been partially followed by Kmg (1916}. The newly- 
hafdicxl letve bears a stnkmg resemblance to the tnungulin of Stylops ; it is strongly 
l^toused, and armed dorsally and ventrally with segmental bands of powerful spmes 
end pectinate scales. At the caudal extremity of the 8th abdonunu segment is a 
enekw, which is flanked by a long anal seta on either side. In addition to a loopisf 
Jeedh-like movement, the larva is able to leap by standing erect upon its sucker, with 
the caadai setae bent beneath the body : a sudden straughtemng of the setae hits the 
lauvai 5 or 6 nun. in the air. The insect bores its way mto the host by penetrating the 
AErtlealar membranes of the legs, and hves endoparasitically : according to Kmg there 
are *10 sjdtacles. The cflder larvae in this family are short and stout, and apparently 
aoh^pbipneustic : Konig (1894) and Maskell state that the younger larvae, of presumably 
OaSades, axe metapneustic ; they similarly possess leaping powers. According to 
waller (X889), the larva oi AstomeUa lives within the abdomen of the spider, with ita 
Jdhd imirades penetrating the lung-books of the latter. The pnpae ia ^ family ari 
diiYOid of aptoes or bristles, and differ from those of other Ihptera in the great uze ei 
fjho toerim. which exceeds the abdomen in length. 

PAM. NSMBSTRINlDlB.— RATHER large BRISTLELSSO flies wxts ^ 

Wk Vkimi RVUNIMO PARALLEL WITH THE BIND MARGIN OF TBB WtNO I SC AND ^ 
fVttF LONG. TBIRD ANTENNAL JOINT SIMPLE WITH A TERMINAL $TirL», POt-VH" 

IM» tamxtm pon-utat mat often HRmtE. ^ 

A fM^y of about 150 aperies (Fig. 602), none of which ooour ih fho Ihfbsb Is** 




9IUVCHKERA ^ 

and. to Vonall oi&f '">» BwpM W, Tbc^' ore for Hm anjit 

part iatiaHtoafa o< hot ami taid ntgtong whooUtero i» » wlmwittiB o( lainfoll. IChogr 
maitlkly{|«Qiimt 4 iqim(«,ltovtting<mrtiMmwlii]aimUbb]^ Hie pnAoscM 

IS very Tamtde end ofl»a long, or veiy i<Mig ; in N$m$$frim ki^inisiris it is olio# 
foot times tile whole lengtii of the insect. 

The Ifurvc df tins family have a very small retractile head and St trunk segments: 
the tradbeal system is amphipneastie, with the posterior apiradea spaced apart in 
a transverse fi^re. The life^history of Hirmoneura has Mea partially observed by 
Brener {SB. Akad. WHn., 88) and Handlirsch {Wnn. Bui. Zait., x88a). Its habits 
resemble to some extent those of the Bombylids and hypermetamorphosis also oetaits. 
The young larva is slender and provided -with a pair of pseudopods on the 6th and 
izth sclents, which are not present at a later sts^. It appears that this species 
IS parasitic upon Rh%zotr<^us solsMialts, and probably up<m other Colaoptera. Hm 
eggs are deposited in clusters within the burrows of Coleoptera (other than Skimingtii) 
from whence the newly-hatched larvse issue in large numbers. They axe stated to 
place themselves in an erect pcmtion by means of their terminal booklets, and are 
blown away by the wind. Thdr subsequent history is unknown, but it is beUeved 
that they attai^ themselves to the body of the female Rkisotregtts, and are thus eaxtisd 
to the place in the earth where the latter lays her eg^. 

FAM. APIOCERlDiB. — ^rather large elongate bristly flies: AMimnui 



Fto. 6 o2 . — NanmiTMiaA Mraau, Female, x 3*35. 

Afltr V«mU. 

WITH OR WWHOOT A SHORT STYLE, PALM SPATtJLATE. VENATIOH RATHER SDSILAR 
TO MYDAtDJB, Mt TERMINATING BEFORE WING APEX. TWO PDLVILU ARB PRB8BNT 
*ND THE AROUUM IS WANTING OR BRISTLE-UKE. 

A very family comprising about 30 species, none of which are Bnropean. 
They are thickly pilose insects with a non-pierang proboscis ; their life history has 
not been investigated. 

PAM. MYDAIDAC. — VERY LARGE FLIES DEVOID OF BRISTLES AND OBVIOUS POBHS* 
CSNCE. ANTENNA TERMINATING IN A JOINTED AND USUALLY CLUBBED STYLE. 
VENATION CCMFLBX ; R, VERY LONG RECEIVING SEVERAL SUCCEEDING VEINS BEFORE 
IM APEX, *4. It| AND Ml + , BENT FORWARDS TOWARDS THE APEX OF THE WINS. 
WJLVJLU moderately LARGE, NO EMPODIUM. 

A family of mostly exotic forms with a few moderate-wsed species oocnning in 
Southern Fiur o pe. It indndes the largest known Diptera, and the adults are stated 
to be predaceous, but only very scanty observations are avivUable, The larval have 
t>een found hi decaying amod and, in some cases, are known to be predaceous upon 
nolcopteroua larvae. 

PAM. SCBNCXPINIDdB (Omjhralidae).— narrow oblong flies devoid of true 
vqbsscbncb oe eristles. first two antennal joints short, the third blonoats 
U tb DEVOID OF A mnOE or arista. VEIN Mj^., TBBMINATIHa BEFORE THE AFBE 
VHB WINth h. BSOkT. FUX.VILU SMALL, EMPODIUM BRISTLE-UKE. 

This iiun% tMbdtos katiiar smsU dark cdoured fiks and acatoety 50 ipsd« ait 
®.T.E,‘-^fi(|i|8 
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known. The adults are occasionally found on windows, or about stables and out 
buildings. The .larva of Scenopinus (vide Perris, 1870) resembles that of Thereva, 
It is amphipneustic, white and vermiform^ with serpent^Iike movements. The head 
is brown and well*developcd, and is followed by 20 apparent segments. Most of the 
abdominal somites are subdivided by a strongly marked constriction, thus giving the 
appearance of an increased number of segments : the terminal segment bears two 
small styles. At one time it was believed that these larvae fed upon neglected carpets, 
horse-rugs, etc. : there is little doubt, however, that they are predaceous upon the 
larvae of Tinea pellionella and of other insects. Scenopinid larvae have also been found 
in Polyporus, in branches of trees, and other situations. 

FAM. ASlLIDi® (Robber Flies). — ^usuaixy elongate bristly flies with a 

HORNY PROBOSCIS ADAPTED FOR PIERCING, AND THE PALPI NEVER SPATULATE. VEIN 
Rj VERY LONG, Mj TERMINATING SOME DISTANCE BEYOND THE APEX OF THE WING. 


LEGS POWERFUL AND PREHENSILE: PULVILLI LARGE, EMPODIUM BRISTLE-LIKE. 

The Asilidas are moderate to very large sized flies (Fig. 603), always bristly, and in 
Laphria also densely hairy. They constitute the largest family of Brachycera, number- 
ing at least 3,000 species : in the British Isles 23 species are recognized by Verrall 
{1909). The adults axe predaceous in habit, their powerful legs being adapted for 
grasping the prey. The proboscis is firm and horny, directed downwards or oblijouely 

forward. A proimnent 
jL tuft of hairs, forming a 

“mouth beard,*' and 

a the protuberant eyes 

are characteristic of the 

family. The conspicu- 

^ y male genitalia and 

the corneous ovipositor 
are also well marked 

»SES|^ The prey of Asilids 

is extremely varied and 
information on thesub- 
^ 't>eten collected 

j ^ appears that the females 

M JM. ^ more commonly 

Jw found with prey than 

the males ; it is remark- 

jjlf jHv * vW Poulton adds, 

TjjjF stings of 

_ « Aculeates, the distaste- 

Fio. (x)3.--P«io«oi;* Mictn, Male, x 3. Britain. properties of the 

Afiat VsiaU. Danainae, Acraeinse, and 

of the odoriferous 


Lagria, the hard chitin of Gileoptera, and the aggressive powers of the Odonata 
are alike insufficient protection against these voracious insects. Whether Asihds 
inject any poison into their victims or not has yet to be ascertained. It has been 
recorded that the captured insect collapses very rapidly after being perforated by 
the proboscis, which suggests that some toxic secretion may be present. 

Asilid larvae live in soil, sand, wood, or in leaf-mould, and are either predaceous 
or scavengers. They are cylindncal with a small, dark coloured, pointed head and 
are amphipneustic, the spiracles being situated on the prothoracic and penultimate 
segments. The mouth-parts comprise a hook-shaped labrum, knife-like mandibles, 
and large broad maxillae with 2-jointed palpi. Small papilla-like antennae are 
present but no eyes. The anterior abdominal segments are provided either with 
ventral intersegmental areas, or circlets of pseudopods (Laphria) resembling those 
of Tabanid larvae. Ten or eleven segments are present, the higher number depending 
upon whether a short and indistinct segment-like swelling at the anal extremity ^ 
regarded as a true somite or not. The pupae are remarkably spined about the head : 
the abdominal segments have a dorsal girdle of spines, a ventral girdle of bnstlcs, 
and the apex of the abdomen also bears spinous projections. The larva of Laphn^ 
has bc«Q found beneath bark and in the burrows of Longicorn larvae living in P^nus : 
it has been figured by Perris (1870) and later by Sharp (vide Verrall, I909)* 
metBXQorphoses of other genera vide MeUn (X923) and Lundbeck. 

FAM. Tii£RFV10il(.~MORE OR LESS ELONGATE DENSELY PUBESGEEX 



BRACHYCERA 659 

WITH SLENDER NON-PRBHENSILB LEGS. THIRD ANTENNAL JOINT WITH AN APICAL 
(sometimes jointed) style, R| VSVAtLY LONG, CEU. M* PRESENT. BMPODXtIM 
ABSENT, OR REPRESENTED 
BY A WEAK BRISTLE. 

A small family include 
ing about 300 described 
species (Fig. 604) of which 
about a dozen are British. 

They exhibit a resemb- 
lance to some Asilidse. but 
the weaker legs and the 
non-protuberant eyes en- 
able them to be readily 
separated. In habits these 
flies are commonly stated 
to be predaceous, but very 
few direct observations 
appear to have been made. 

The proboscis is rather 
prominent, and provided 
with fleshy labella, instead 
of the homy apex as in 
the Asilidae. The larvae Fig. nobjutata, Male, x 4. Britain. 

(Fig. 605) of several species After Verrall. 

are known to be predace- 
ous upon those of other insects, including wircwornis, etc. They live in the soil, 
among leaf mould, in fungi, decaying wood, etc., and exhibit quick serpent-like 
movements. They are smooth and vermiform, bearing an ex- 

r tremely close resemblance to the larvae of Scenopinm (vide p. 

658). The larva of Thereva (Malloch, 1915B) has a small though 
distinct head, followed by 20 segment-like divisions. The labrum 
is hook-hke, and the mandibles also exhibit a hooked form : 
small antennal papillm are present but no eyes. A pair of 
prominent latero-ventral bristles are found on each thoracic 
I segment, and three pairs of bristles on the loth abdominad seg- 
ment : the tracheal system is amphipneustic. At the anal ex- 
_ tremity are two small styhform processes. The pupa has thom- 

like, projecting antennae and a long curved spine at the base of 
each wing. 

_ FAM. BOMBYLlIDiS (Bee Flies). — ^densely pubescent 

WITH ELONGATE SLENDER LEGS, AND OFTEN A LONG PROJECTING 
PROBOSCIS. THIRD ANTENNAL JOINT SIMPLE, STYLE SMALL OR 
VESTIGIAL, AND NOT MORE THAN 2-JOINTED (Fig. 57 ^). CELL M| 
_ ABSENT, PULVILLI SOMETIMES AND AN EMPODIUM ALWAYS RUDI- 

MENTARY. 

^ Most of the flies of this family are moderate or rather large 

^ in size and, although often bearing bristles, the latter are 

hidden by the dense pubescence (Fig. 606). The proboscis is 
-j usually very long and projecting forwards, but is sometimes 

n short with broad labella. The wings are often darkly marbled 

J and, when at rest, they remain half opened or outspread. 

J* J Although only 9 species frequent Britain probably considerably 

over 2,000 are known. 

The larvae are parasites and when young, they are elongate 
and slender, with a very small head, and 12 trunk segments. 
Fig 60s Larva stated to be metapneustic ; each thoracic segment 

OF TaMMrA AND ^ears a pair of long setae, and a further pair is earned at the 
Anal Segment anal extremity. They undergo hyper-metamorphosis and, when 
more enlarobd. fully grown, are cylindrical or somewhat flattened, with a small 
«. anterior and pot- retractile head and no eyes : the spiracles are found on the pro- 
tenor spiradbt. thoracic and penultimate segments. The pupae are very 

characteristically spined on the head, with bands of booklets 
a^cross the dorsal side of the aMomen. 

The larva of Argyramaba Schin. axe parasites on those of solitary bees and 
^ossodal wasps. The life-history of 4 . frifascUOa Mg. has been observed by Fabrs 
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3)* tbD egp AJ!e da{H»lted on tho fftsmdu tme ^ iMfc ol 
{Chaticaiam mur($ria), mi it appears that the s^ung larva hm to mafai its way into 
the cell ol tiie beeu The pupa is armed with cephahc spmes lor the purpose of 
pieroing the ntasoiny enclosing its host. Argyramcaba an^tax haa been 

bred from nests of Anihoph&ta, Chaltcoioma and Osnm and an account of its hfe- 
history is given by Verhoeff (xSgx), 

Several species of AiUht^ax ^p. are parasitic upon Noctuld larvse or pupae, 
aculeate Hymenoptera. and also upon the eggs of Orthoptera. Oth^ memt^ of 
the genus axe hyperparasites attacking hymenopterous or dipterous parasites of 
Lepidoptera. 

The larvae of Bon^hus L. are parasitic upon solitary bees {Andrena, Hadxotus, 
ColUtes, etc ) : those of B. minor have been studied by Nielsen (1906) who states 
that the young larva is very hke that of Argyrammba in form. At this stage it feeds 
upon the ^len stored in cell of Colfeies, but when it attains a length of 2 mm. 
it attacks its host larva : it subsequently moults, becoming maggot-hke and amphi- 
pneustic. The life-bistory of B. major has been observed by Chapman (EnU Month, 
Mag,, 1878) : the eggs were deposited on a sloping bank while the fly was on tiie tnng, 
and descriptions of the larva and pupa agree in the mgin with those of B. m%nor\ 

Larvae of Sysiachus live as parasites in the egg-cases of the locusts CEdopode^mi 

Stauronotus the Ij^rva 
and pupa of 5 . orea^ are 
described and flgured by 
Riley (1880) Accord- 
ing to Kunckel d'Hercu- 
lais (1905) the larva of 
Systropus parasitizes 
larvae of the Lepidop- 
teron Ltmacodes, Spth 
gostylum IS parasitic 
upon Xylocopa, and 
other bees, and is alsii 
recorded from two 
genera of Coleoptera 
for the life-hist^ of 
S, anale Say., a para- 
site of Cmandehd larvde. 
vide Shelford (19x3) 
FAM. EMPlDifi.- 
BRISTLY FUES WITH A 
HORNY PROBOSCIS 
ADAPTED FOR PIERC- 
ING , THE STYLE OR 
ARISTA (if PRESENl) 
ALMOST ALWAYS TER- 

MXDVAL. CELLS M AND 1ST M, SEPARATE, CELL CD GENERALLY SHORT. EMPODJUM 
UNEAR— MEMBRANOUS, OR SETIFORM. 

A family of medium to very small sized flies of grey, yellowish, or dark coloration, 
vmy rarely metalhc. About 1,600 species are known, and m Bntain there axe over 
ROD representatives The proboscis is of variable length, and is generally idg^d and 
downwardly projecting The legs often display sexual characters, the male exhibiting 
special structural features such as thickened femora, tibise or tarsi (Fig 607). Empidas 
be distmgmshed from the Asilidae by the absence of the face-beard and the much 
' shicdnr cubital cell. Their speaes are p^aceous upon smaller insects and» according 
to Fcmlton (1906), they prey most frequently upon Diptera , m this feature they are 
sillily contrast^ with the Asihdas. 

3 §)edes of Bmpis, Hilam and Rhamphomyia may often be observed dancing 
m swanmng in the air after the manner of Chironoxmds — ^a behaviour which is con* 
oenx!^ with the meetmg of the sexes. Either one or both sexes may perform these 
aerial evolutions and, m many species of the above genera, the males catch the prey« 
Sml hSU Ixrt do not devour it. On meeting a female the latter receives the prey Ana 
leeAs QlKm it during ooitus : when copulation is accom{di$hed the fexusde drops the 
imy* true sigai^iice of this imnarkable habit is not undemtcxxi (vide Hanua 
WA Mmtk. Uag.^ 1909). An American species, Empis a$r<>baHba, snahes e cunow 
balloon, eodoriug a small wey, which is probably transfemd tp tim femaj® j 
dwriag ooftflnlicm; It it often meaa^ after the latter funx^l^ ia acoampUsheo. 



Fig. 606 — Bojrsrx/vf majou , Male. 
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BRACB^CERA «ex 

SpeCM ol IKbra Mvdop prey in eligl^t web bdbre nffeiing 1 » to tbe female : 
ibe web fe conetnided by ibe male from a eecmti<ni of j^ands opening on the fern 
tarei (Bltrfegbam, H* mrtor Becsk. constructs a more extentlve web than other 

speciee. and a whole literature has grown op around subject 0 t the <»igin and 
significance of this structure (vide wheder, Jwm. S^ndity, X9a4, 49x)« 

Xjurval Etnpidte are cylindrical, more or less spindlendiaped, with a very small 
retractUe head and xx trunk segments* They are ampbipneustic, and most of the 
abdominal segments are provided with transverse ventral swdlings, or more strongly 
developed pseudopods. The anal segment is somewhat rounded, and provided with 
a small terminal protuberance or spine, above which lie the posterior spirades. 
Empid larvse live in soil or among leaves and humus, in deca3dng wood, among moss, 
etc. : a few, such as Hemerodfomia, are aquatic. Only scanty obs^ations have 
been made with regard to their feeding habits but, in a few cases, they have been 
found to be carnivorous. The larvas of several genera are briefly describkl by Beling 
(1882, z888) ; the metamorphosis of Henterodromia is dealt with by Brocher {Ann, 
Biol, iacus.^ 1901) and that of Rogderoides by Needham and Betten (XQOX). Kieffer ^ 



Fig. 007 . — EMPia tmrjlmma, Malb. X 6. Britain 
AtUr VencalL 

(1900) has described the larva and pupa of Empis mmdionalis and Brauer (1883) 
figures the larva of Htlara lurida. 

FAM. DOIrIGHOPODIDiE. — small bristly mbtaluc grebn or blxtb-grben 

FLIES WITH A DORSAL OR TERMINAL ARISTA, AND A SHORT FLESHY PROBOSCIS. CELLS 
M AND XST M| CONFLUENT, CELL CU VERY SHORT. TWO PULVILLI AND A LINEAR, OR 
narrowly LOBXPORM, AROLXUM. ' 

A large faxnfly comprising more than 1,400 species of which nearly 200 are British 
(Fig. 608). The various species occur among grass and low herbage, generally in 
damp silmtions ; several genera frequent the sea-shore. 

The vernation of the family is very siinilar to that of the Ephydfida^ whicli certain 
species also resemble in their b^aviour and habitat. The secondary sexual 
diaracfers in the males attain a remarkable degree of development and may gpect 
^most any of the outer parts of the body. 

In a 4 i^ life the Dolichopodidae are predaceous upon minute soft-bodied insecfef 
etc., wh|^ they envelop by means of the labella while extracting the juices, According 
^ Bcdaw (1882) some amount of mastication of the prey takes place on account of 
the mobility of the labrum during feeding. In America, according to MaUoch, many 
Secies occur on flowers and tu^oubtedly feed upon nectar. It is likely that both 
^bita sm of frequent occurrence^ though further observations are needed. 
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The larvae of this family have been found in a variety of situations and live beneath 
the ground, in jrotten wood, among humus, etc., while others are aquatic, In 
Aphrosyluj the larva lives among cast-up weed on the sea->shore, while those of several 
species of Medeterus prey upon the larvae and pupae of wood-boring Coleoptera. Most 
oi the larvae of this family are probably caumivorous. They are elongate and cylin- 
drical, i2-segmented, with a small retractile head, and most of the abdominal segments 
bear pseudopods armed with locomotory spinules. The last segment is obliquely 
truncated, often slightly swollen, and carries four short protuberances. The 

tracheal system 
is ampliipneustic, 
and both pairs of 
spiracles are 
small : exceptions 
are met with in 
Medeterus (peri- 
pneustic) and 
Argyra (i^eta- 
pneustic). ; 

The pupae m'e, 
as a rule, sWt 
and stout with a 
pair of elongate 
thoracic respira- 
tory horns. Luud- 
beck states that 
larva of Doitcho- 
pus forms an 
earthen pupal cell, 
lining the interior 
thereof with a 
secretion forming 
a dense hlm-like 
layer. At one ex- 
tremity the latter 
is wanting over a 
smaller area 
through which the 
pupal boms pro- 
trude. As the cocoon is apparently impenetrable to air Lundbeck thus explains the 
significance of the long pupal horns, so characteristic of the family. In other cases 
the cocoon is constructed of wood fragments, etc., and is lined by silken material. 
Although the metamorphoses of a number of species have been described the life- 
history has rarely been followed in any detail. Marchand {Ent, News, 1918) has 
described the larva and pupa of Argyra, Perris (1870) those of Medeterus, and 
Thrypticus has been studied by johannsen and Crosby {Psyche, 1913) and also by 
Lubben (igo8). 

Sub-order III. Cyclorrhapha 

The Cyclorrhapha are divided into three sections, as given bdow: 
Section A. ASCHIZA 

Frontal suture obscure or restricted : lunule often indistinct or absent : ptilinum 
always absent. Cell Cu elongated (except in Phoridae) and extending more than 
half*way to wing margin. 

Section B. SCHIZOPHORA 

Frontal suture and lunule distinct : ptilinum always present. Cell Cu short or 
vestigial (except in Conopidae). 

Section C. PUPIPARA 

Head closely united with thorax or folded back on same. Usually flattened fiios* 
with leathery or homy integument, adapted for ectoparasitic life on warm-blooded 
vertebrates. Ptilinum present or absent ; wings often reduced or wautiog. Vivi- 
{NuronB ; larvae extruded when about to pupate* 



Fig. 608, — DozjcBOPot popvunis, Male, x 7*5. Britain, 

After VerraU. 



ASCHIZA 


6A3 


Section A. 


ASCHIZA 

VAM. IfONCSHOPTEiUDA (Musidocidae ). — thikd amtbmmal joint boundbo ob 

GtOBtJX^AR WITH ▲ LONG TERMINAL OR SUB-DORSAL ARISTA. WINGS POINTED AT THE 
apex and WITH NO OBVIOUS CROSS VEINS, R^ WITH ITS TWO BRANCHES CLOSELY APPROX<» 
IMATBD AT THE WING APEX. EMPODIUM WANTING. 

This family includes a few small, slender, bristly 
flies, usually pale coloured, and often found along 
the borders of shady streams. The larvae of Lonchop- 
tera have been found among leaves and other vege- 
table matter. According to de Meijere (1900) they 
are amphipneustic, much flattened and with long an- 
terior and posterior setae. The head is vestigial and 
there arc only 10 apparent trunk segments, of which 
the la^t appears to be of a composite nature, and 
bears a pair of widely separated spiracles (Fig. 609). 

FAM. PHORIDiS. — antenn-® apparently con- 
sisting OF ONE LARGE JOINT, WHICH CONCEALS THE 
OTHERS, AND BEARING A LONG APICAL OR SUB-DOKSAL 
ARISTA. WINGS OFTEN VESTIGIAL OR ABSENT. ANTER- 
IOR VEINS VERY HEAVILY DEVELOPED, AND JOINING 
COSTA ALONG THE PROXIMAL HALF OF THE LATTER ! RE- 
MAINING VEINS WEAK AND ABNORMALLY DISTRIBUTED. 

A family of small or minute greyish-black or 
yellowish flies (Fig. 610) : they are active runners 
and present a curious humped appeaurance. Their 
habits are varied but the adults are frequently met 
with among decaying vegetation, while others occur 
in the nests of ants and termites. The wings exhibit a 
wide range of variation as regards degree of develop- 
ment, especially among the females ; certain apterous 
and micropterous genera are only known from that 
sex. In Ecitomyia (female) for example, the wings 
are narrow and strap-like, and in Puhciphora (female) 
they are totally wanting. 

The aflinities of Phoridae have been more frequently discussed than perhaps any 

otlicr family of Diptera 
(Brues, 1907); some 
authorities place them at 
tlie end of the Brachycera 
while Olliers regard their 
^ true position as being 
among the Cyclorrhapha — 
a conclusion which is sup- 
ported by their meta- 
morphoses. 

The larvae of Phora 
(vide Keilin, 1911) live in 
decaying vegetable matter 
and dead animals, especi- 
ally Helix (Schmitz, 1917): 
others are mymecophilour 
and some are parasites 
They resemble those of 
other Atnericera in their 
general morphology and 
consist of a redact head, 
3 thoracic and 8 abdomio 
nal segments. Further- 
more, they agree with this 
sub-order in being meta* 



-Larva of Loxob* 
Magnified. Bri- 
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pneustic in the ist* instar and aunphipneustic subsequently. Each segment beam 
^etamerically arranged bands of papillae. Pupation takes place in the larval skin, 
^d the pupa carries a pair of elongate processes on the 2nd abdo mina l segment, 
which appear as the anterior respiratory horns on the puparium. 
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Q ini|i of tiM flusct nauulabht c/t all 2%toiidfB ii uriilcb Iwi Hft wags 

vsdtiedid to miaote vwtigBS aOd iabaUta tennitw* neats: sMMidM% to WMtnann 
jiooo) it has kwt its larval and pupal stages and is consequently ainotab^ This 
observer concludes that it is henniqdmxlite and the same individiial oecomes 
sooeeeaivdy and female. There are, furdiermore. two types o< individuals 
piTornt itrnniiintrir and i^ysogasttk. Xn the former the ddtin is extremelv soft 

the abd on**" retracted : in the latter chitinisation is normal, but the abdomen 
is steatly enlarged and swollen. Neither ameiaboly nor hermaphroditism are proven, 
te S pti^gtiimn (1913) only found female organs present in T. peradmiya. A sperma 
♦:ipju»a erataining a spermatophorja is evident, smd it is possible that this organ 
has been mistaken for a testis by Wasnumn (igoo) and Aasmuth (1910). In Pulici- 
ph o m de Meijere (1912) has found stenogastric and physogastric individnala, along 
with larval and pupal stages. On the oth« hand, according to Schmlts (1917) 
WtmMUekia is ametabolic, and has both types of individuals present : it is ^umed 
to be a proterandric hermaphrodite. It is evident, therefore, that renewed investi- 
of these rmnarkable genera is greatly needed. As Keilin remarks (1919). the 
only way to prove that proterandric hermaphroditism exists is the discovery pf sper- 
<« io the stenogastric forms. Thaumatoxenia is probably the mo8l| (highly 
modified of all Phorid® (vide TrSgirdh, 1908 : Bomer, 1908) : originaUy r^|^ed 
as b«»i«"ei«E to the Hemiptera, further study has shown that it is a Dipterous .ifisect. 

PAM. PLATYPEZIDi®. — SMAXL THINLY WLOSB FUSS WITH THB HINO ^ARSI 
keuakkably dilated, third antennal joint elongate and often fyritoru, 

ARISTA TERKINAL. CELL R( OPEN. . ^ , ... «. ... . 

A Mwou fiunily jwrfmJing about 70 speaes of which less than a score are British 
(Venall, 1901). They are usually to be met with dancing in the air in comp^es or 
rnitning' over herbage. Their most striking feature is afforded by the hind tarsi whose 
toree or four jmnts are dilated, flattened, or ornamented in a curious manner, 
axiA very different in the male from the female. . 

An account of metamorphosis of Callimyia is given by de Meijere (1900) ; Willard 
IPsychx 1914) also figures the larva and pupa of Platypeza aganct Will. The larv® 
are broad and flattened with the sides bordered by long seta : in Calltmyia the whde 
«.« fgin is deeply incised, each incisure being strongly serrated. The trui^ comp^ 
to « It segments, the head and first segment being wholly ventral. Tto tracheal 
is amphipneustic, with the anterior spiracles placed beneath the body ; the 
poatetior is inconspicuous and rather widely separated. So far as known the 
unns live in Agaracini. 

PAM. PIPtJNCTJLID^. — ^THINLY PILOSE OR ALMOST BARB FLIES WITH A VERY 
LABUE BDBHWUISraBRICAL MOBILE HEAD FORMED ALMOST ENTIRELY OF THE EYES 
ANIBNN1B WITH A VSOALLY LONG DORSAL ARISTA. WINGS MUCH LONGER THAN THE 
ABDOMEN, liFT T. R, OPEN ; TIBI* DEVOID OF SPURS. OVIPOSITOR HORNY, E 3 OTRTED. 

A very distinct family of smaU dark flies, the great majority of which pwtain to 
the genus Pipunmlus. They have a markedly hovering habit, and ar^suaUy to be 
on flowers, or by sweeping miscellaneous herbage. Their mort striki^ feature 
is the great Sise and mobility of the head ; the third antennal jdnt U of pecuhar 
diam. befne sometiities prolonged into a curious beak*like prwess.^ For generw 
ittfiKrl&ation cm the family the reader is referred to the works of Perkins (1905) 

iMw' are endoparasites of other insects, mainly Homopte^ They are 
patxowed anteiiorly. and capable of a good d(^ of extension andretmd^ 

is obscure but apparently 10 or ir somites are presout. The anterinr sfurwaw 
an and situated a short distance behind the month ; the pytenw pair is dwk 
eoknued, aMOoximated, and placed some distance in tout of ^ a^ 

The pnparium is provided with a pair of antenor spiracular tuberdes, while the 
postoia^raclesue very much as in the larva. Dehiscenn ^ pi^anum usu^y 

So^ by the detadiment of the dorsal plate through the 

nmiact. The head of the larval parasite is directed towards that M the 

' SA fnlly grown parasite fills the greater part of the abdomen <rfthdla^. 

cases it & berm found that " castration paraataire resul^ 

‘ tm host is stated to undergo structural modification (vide Chard, CMMpt 
tfifio; 'ICeilin and Thon^won. C.JR. Soc. Biol. Paris, 1915), but further teseai^ » 
-^’needed. When t&Kpunculid larva quits its host; it usu^ 

i of the metathow* and abdomen, either altow <w b^, J 

Ji at that point. It falls to the ground and banes itself beneath the sou « 

' (Hovw FBea).— iiopaaATt mjww tnw h swwa 
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xnttoama umamw, mtoax AiwAts •fnflmvtsw. avwca. wit* wr 

BACWmOMAMMAI. CBRTAQt Ot tttt VBkMS VOIOOMO A Jttxtp 0» nUMUnUftY a^KfilVr 
PMLAltAX. WTOI TUB OtriBR WlNC-MABCtH t CBU. Bg WJUO* I VfflU SEPOBU YlUnSMX 
BStVSEM » Atm It ^ 

The Syx]^i^ am otw of the largest and moeidtarplY defined famOus ai Dtotora. 
Thw are luwally v«y brightly cotoumd files and way be striped, spotted or h£id^ 
wim yellow on a blue, black, or metallic ground-cmour The black and yellow 
coloration often imparts to them a superficial resemWance to wa^ ; other spedos 
are densely hairy and resemble bumble bees Nearly all members of this family 
are attracted to nowers and may frequently be observed poised in the air, theur winas 
vibrating with extreme rapidity, hence the name of hover dies,'* The vena sp^ 
(Fig, 6x2) is one of theirmost 
acteiistic features and is found in 
no other family of Diptera It is 
a vetn-hbe thickemng of the wing 
membrane and may be distin- 
guidied from true veins m being 
famter, and terminating wi-^out 
association with other veins 

The larval habits of Syrphida 
are extremely vaned They may 
be (o) Phytophagous, feeding ex- 
ternally upon plants (Mesogramma 
pohta) or mtemally m bulbs {Merth 
don equesirts, Lumerus strtgatus), 
or within stems or in fungi {Chtlo^ 
sia) (6) Carnivorous, living pre- 
daceously upon aphids and the 
nymphs of other Homoptera 
(species of Ptptza, Paragus, Mela- 
nostoma, Baccha, Syrphus, etc) (c) 

Saprophagous, living m decaying 
organic material, dung, liquid mud, 
or dirty water (species of Enstahs, 

Helophtlus, Plafychtrus, Sertcomyta, 

Syntia, Troptdta etc ) m the sap 
and wet, rotting wood of diseased 
parts of trees (Xylota, Mallota, 

Myrtatropa, Myiolepta, Cena, etc ) 
or as scavengers in the nests of 
ants and termites {Mtcrodon) or of 
Aculeate Hymenoptera {Volucella) 

Verrall remarks that probably all 
the European 8X>ecies of Volucella 
areiscavengers m the nests of large 
Acpleates, feeding upon diseased 
larvas or pupae, etc so far as 
known they are not predaceous 
and the association is consequently 
fnendly and not resented by the 
hoeie. VduuUa hombylans occurs 
in ^e nests of Bombus while the 
species and tnams 

are found an the nests of Vespa , . „ . 

Mcrahologically. Syrplud larvae (Fig 6ii) may be recognized by the following 
characito. The head is greatly reduced and carries a pair of short fleshy, sensqry 
prooeeses. The cuticle is tough or leathery, and segmentation is obscure owingfo 
the txatnavexse corrugation of the body, but apparently ii somites are present. The 
tracheal system is amphipneustic with the anterior spiracles on the and apparent 
segment J the posterior pair is situated on two tubes of very variable length, which 
are fused together down the median Ime a 

ThreSKiPrmctp^ types of Syrphid larvae may be recognized i The aphidivorpui 
type With the •ventral aspect flattened, the body much attenuated antmoriy, end 
the poalsrior respiratory tu^s very short. The body is hrequetrdy marked with 
gmei^ or brown, and the general appearance is rather slug-hke ; all haw a marked 



Fig 6ii.— S ritWTM sirzjrt 

I, larva x 7 5 A, antenna, B, poaterfor respiratory Offan 
I, Antenor apirade more enlaxged 3, Bod view of poeiwior 
esi^tory organ x 75 4i Poateco ventral view of asm X 
I, PuE^um, dorsal view x 7 5 Adapted from Metegif Saw 
153 mmm dgnc txp S$a 
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for changing their shape {Syrphfis, Melanoskma, etc.). 2. The shtxri-tailed 
hlth-inhabitang tjrpe with the body cylindrical and not attenuated anteriorly, and 
the respiratory tubes short. Three pairs of lateral fleshy protuberances are wesent 
or. the iith segment, and groups of branched plumose hairs are placed around the 
hmd spiracles {Syritta, Tropidia, etc.). 3. The rat-tailed t3^e with the body ter- 
minating m a long flexible respiratory process which, in some species, is capable of 
being extended several times the length of the body {Eristalis, Hehphilus, ete.). 

In addition to the above three types there are several anomalous larvae, lliat of 
Mtcfodon is broadly ovoid in outline and flattened venirally, and is bordered by a 
row of marginal spines. The dorsal surface Is convex and there is no evident segment- 
ation or anterior spiracles. In general appearance it is slug-like and, when first 
described, it was regarded as a new genus of land Mollusca. This curious larva has 
^en studied in detail by Cerfontainc (1907) and others. In the boring larva of 
Merodon equestris Fab. the body is cylindric^ and much contracted, with rounded 
extremities : it comes nearest to type 2, but there are no fleshy protuberances on the 
nth segment. In Volucella bontbylans the larva is rather broad and fleshy, tapering 
» anteriorly. The body is provided with numerous small lateral spinous outgrWths 
and larger terminal processes on the last segment (Kunckel d'Herculais, 1875).' 

Prior to pupation Syrphid larvas come to rest in some suitable place on, ot near 
their habitat. In many species the caudal segments are cemented to a leaf, tiiig or 
o^er support with a secretion apparently derived from the hind-gut ; in other cases 
the larva buries itself in the soil or other medium. The puparium, as a rule, i$ con- 
siderably inflated doi sally and laterally : spiracles are present on the puparium in 





Fig. 612. — ^Venation of 

I, vetia spuria. 


the region of the 4th or 5th larval segment and may be either sessile (Melanostama) 
or elevated upon conspicuous horns {Volucellaf Efistalis), Fclosion of the imago 
usually takes place by means of a dorsal rupture of the puparium and is therefore 
different from what obtains in almost all other Cyclonhapha. A good deal of 
information concerning the structure and biology of Syrphid larvae will be found in 
the writings of Metcalf {1916-17) and Krueger. The internal anatomy of both 
the larva and imago is dealt with by Kunckel d^Herculais (1875) in his monograph 
on Volucella, The larva of Eristalis is described by Miall (1895) and Batelli (1879) 
and its tracheal system has been studied in detail by Wahl (1889). 

Economically, predaceous larvae of this family are notable in being important 
enemies of Aphididae, Coccidae and other Homoptera. The capacity of Syrphid 
larvae for the rapid destruction of aphids is remarkable and Metcalf states that a 
larva of Sytphus niiens, which had not been fasting previously, caught and destroyed 
2X examples of the large Apliid Pierocomma flocculosa in 20 minutes. The entire 
insect is never devoured, but only the soft and readily assimilated body-contents 
ar<fr sucked out. Notwithstanding the great size of the family, and its varied larval 
habits, very few Syrphids are in any sense injurious to man. The ** Com-f ceding 
Syrphid Fly," Mesogramma polita, occurs in several states of N. America where its 
attacks are occ^onally considered serious : the larvae feed upon the pollen grams 
and the saccharine cells in the axils of the leaves. Larvae of Mefodtm and Eumerus 
attack and destroy bulbs of Narcissus, Amarylhs, etc., and may occur separately or 
in association* Tiiey are well known pests in Europe and have been introduced, 
along with their host plants, into N. America and other parts. Larvae of a few species 
of the family, more particularly those of Eristalis, have been found as accidental 
paraaites in the human body causing myiasis of the intestine. 
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Section B. SGHIZOPHORA 

The Schizophora are divided into the two undermentioned superfamilies. 

I, — ACALYPTER.ffi (holometopa) . — Squamas small or vestigial, usually not con- 
cealing the halteres. Small or very small flies, the males not holoptic. Thorax 
without a distinct transverse suture : cell R5 almost always widely open. 

II. — CALYPTER-ffi (schizometopa).— -Squamae well developed, usually concealing 
the halteres. Moderate sized flies, the males often holoptic. Thorax with a distinct 
transverse suture : cell open or closed. 




Superfamily I. ACALYPTERdS 


The following table (partly after Williston), although admittedly im- 
perfect, is drawn up as an aid to the recognition of typical members of the 
group, but it must be pointed out that many of the characters are slight 
and often ill-defined. 


1. Hymenopterousdike flies with long proboscis, jointed 

near the middle : ovipositor elongate. 

2. Eyes on lateral stalk-like prolongations of the head. 

3. Beetle-liko Hies : scutcllum very large, covering wings 

and abdomen. 

4. Small dark littoral flies with tliorax and abdomen 

flattened : head bristly. 

5. Not as above (1-4)- . 

6 (25).— Sc distinct, Ri usually terminating near middle of 

costa. 

7 (i2). — ^Vibrissae present. , . , 

8. Costa spiny, tibiae with spurs and prcapical bristles. 

9. Small, shiny flies, usually black, with basally constricted 

abdomen, wings often with a stigma-like spot. 

10. Somewhat elongate flies with long wings ; cross-veins 

often approximated, Ri terminating near Sc, 

11. Rather large flies : Sc and Rt well separated. 


{7).-~VibrissaB absent. ^ ^ ^ 

13 (14).— ^Femora thickened, hind tibiae often dilated, scutellum 


large. 

^ (13)* — ^Not such flies. 

^5 L0gs long and slender : 


cell R# narrowed or closed* 


CONOPIDiE 
(p. 668) 
DIOPSIDAS 

(p. 672) 

CFXYPHID/E 

(p. 672) 

PHYCODROMIDAI 

(p. 672) 


HELOMYZIDAi 

(p. 672) 

S£P$1D/S 

(p. 672) 

HETERONEURIDA 

(p. 672) 

CORDYLURID^ 

(p. 672) 


RHOPAUiKBRIDJB 

(p. 67a) 




nirimei>j 


t 6 <x7).^Sye8 vory tttMl faMkg|«r thiui 

ty (x 6 )«~£yes tanrii shorter than tibiie, 

id (x5).-^l.egs not noticeably long and slander: wings oftet 
marbled or clouded : cell R« widely open. 

19 («2) ♦--Ovipositor homy no preapiced bristle, 
so (ax).— Cubital cell often pointed * upper fronto-orbital bristles 
only present 

az (20).— Cubital odl rounded di^tally : a single fronto-orbita 
bristle. 

22 (19). — Ovipositor not homy ; preapical bristle present. 

23 (24).— Two fronto-orbital bristles : and antennal joint not 

elongated. 

' 24 (23). — ^Fronto*orbital bristles present or absent ; and antennal 
joint often long. 

25 (6).— Sc absent Or incomplete, terminating before middle 

of wing. 

26 (27). — ^Hind metatarsi dilated and shortened. 

27 (26). — ^Hind metatarsi not dilated and always longer than 

succeeding joint. 

28 (33). — Cells M and ist Mt usually confluent. 

29 (32). — ^Vibrissas rarely distmct 

30 (31). — ^No lower fronto-orbital bristles : ansta usually bare. 

31 (30).— Lower fronto-orbital bristles present; ansta rarely 

bare. 

3a (29). — ^Vibnssae distinct : arista plumose, eyes usually red. 

33 fa8).— Cells M and ist M, separate. 

54 { 37 )‘ — Vxbrissae usually present. 

55 {36).— Upper fronto-orbital bristles only present, no meso- 

pleural or prothoracic bristles • ansta bare 
3 ^ ( 35 )* — Lower fronto-orbital bristles present, and convergent, 
mesopleural and one prothoracic bnstle also present : 
ansta usually pubescent. 


S ( 34 )’ — ^Vibrissae absent. 

(39). — ^Wings conspicuously marbled. Sc sharply curved up- 
wards. 

39 (38). — swings not conspicuously marbled. Sc absent or in- 
distinct. 


tJMVfttmM 

(?• 

ir%. 6'5f2l 


ORTAUDai 

(p. 669) 

SAPftOMYaiD^ 
(Lonchseinaei) 
(p. 670) 

SAPROMY71DA 

(Sapromyzmas; 

(p. 669) 
SCIOMYZIDA I 
(O. 672lfl 


BORBORIDiB 
(p. 672) , 


OSCINIDSI 
(P 671) 
EPHYDRIDA 

(P 671) 

DROSOPHIUI»A 


PIOPHILXDJS 

(p. 672) 

AGROMYZIDA 

(p. 670) 
and 

OEOMYZID2S 

(p. 672) 

TRYPANEID« 

(p. 669) 
PSIUD.S 

fn. 6*7^\ 


9A.H* CONOPlDiSv— HEAD large, broader than THORAX : ANTEMNJB PORRECT 
RAtHER LOHG, 3 RD JOINT CLUBBED WITH AN APICAL STYLE OR DORSAL ARtSTA 
raOBOSaS usually long and slender, FOLDING NEAR XT» MIDDLE. CUBITAL CELL 
VERY LONG. GENITAUA CONSPICUOUS AND CURVED BENEATH THE BODY. 

A family of more or less elongate, moderate-sized flies, thinly pilose or Almost 
bam, and frequently bearing a striking resemblance to sohtary wasps or other 
Hymenoptera. Most species visit flowers ; they are slow fliers and less than 20 kinds 
MQUr in ihe Biittsh Isles. The larvae are endoparasites of adult bees and wasps or 
df Otthoptera (vide de Meijere, 1903, 19x2). The Species of Cenops paraaitiRe Smbus, 
OSyHifms^ Sphex, Vespa, etc, ; PsUocephala parasitizes Apis, Xyheopa, and Bimbus, 
WfaQe Myopa is known to attack Andtena, Bombus and Vespa (vide Seguy, <928). 

The of the Conopidae are elongate oval with a group of hooks, fllammts, or 
iSilher outgrowths at the micropylar end. In certain cases the eggs are stated to be 
dhpDSited on tbs bodies of the hosts during flight. The larvae are generally Ibund in 
the rugfon of the anterior abdominal segments of the host, and are attached by their 
IKpdirektxMdty toala^ the exact mlation bettima 

* Mnm iSnd the tracheal system of the host is in need of further mveistsgatt^ The 
llisMh*ipArts are greatly reducedi and the larvss am xinalnly' haemopliUigcMii^ th gpesral 
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ibftpd atm term wdUi or pyritmi irltli 00fUd4«o^ of ohiiM^ tliob: 

tom. Tiiebr moot ooiifi|dei]mo featom oro tbo kxfo ccntvae platef of the {mbextor 
^pkedcwu the thttnr are complex ettiictiirea end dSetrtboted over the ecrfaee of 
eidh ^pirad^ is % mim of smau sieve-Itke areas. 

FAM. OXtTALID.A^'^'HntOKt hRQAt> in both SSXBS ! towiot BBOKTO-OaBlXAi 
BHlSTtBS AND VXBBXSSiB ABSENt, WXN08 ALMOST INVARIABLY MARBLED, SC AND Rj 
ENTIRSLV SEPARATED THODGH OEtBN CLOSELY APPROXXMATBD. MIDDLE TXBLE 
alone spurred, no PREAPXCAL bristle, ovipositor corneous, 3-J^OtNTBD. 

A large family many of whose members have mottled wings and consequently 
resemble Trypaneidae. Unlike the latter family, Sc meets the costa at an acute and« 
and is not abruptly elbowed distally. In the male there are 5 evident abdominal 
segments and an elongate rolled up sedeagus : in the female there are 6 abdominal 
segments with a flattened corneous ovipodtor, The flies are commonly met with 
wherever there is abundant vegetation, and rather more than a doaen spedes are 
British. According to Banks (1912) the laxvM are usually more slender than those 
of the Mttscidss ; the anterior spiracles have about 10 lobes and the posterior pair 
ate borne on two slight processes, each spiracle being provided with rixree short slits. ^ 
The larva of Platysoma umbranm is described by Perris (1855) and that of Buxesta 
niHdwentns Lw. by Brues (1902). The latter species lives beneath the bark of dead 
trees and is xi-segmented with the head nearly as long as the flrst two thoracic seg- 
ments. The larva of £. notaia Wied. attacks oranges, apples, onions, cotton bolhi, 
etc., knd has also been found in human excrement. 

PAM. TRYPANEIDAK (Trypetidas). — CFRONT BROAD XH BOTH SEXES, LOWER 
FRONTO-ORBITAL BRISTLES PRESENT, VIBRISSA WANTING. WINGS MOTTLED WITH A 
BROWN OR YELLOWISH PATTERN : SC SHARPLY BENT D16TALLY TOWARDS COSTA, 
BECOMING INDISTINCT NEAR THE APEX. MIDDLE TIBIA SPURRED, NO PREAPICAL 
BRISTLE ; OVIPOSITOR PROMINENT, CORNEOUS, 3 -JOINXSD. 

The Trypaneidae or '' fruit flies form an easily recognizable and natural family 
of almost cosmopolitan distnbution. According to Bezzi 875 species were known 
up to 1913, of which 64 are British : the wings as a rule are conspicuously marbled 
and the venation (Fig. 6x3) is the most complete among AcalypterA (Loew). The 
homy, flattened ovipositor is very charactenstic and in Toxotrypana it exceeds the 
total length of the insect. It is noteworthy that a corneous ovipositor is also found 
m Loncheea and the OrtahdA but, in the latter, the lower fronto-orbital bristles are 
wanting, and Sc is distinct throughout. The standard systematic work on the family 
is that of Loew (1862) : the important papers of Bezzi (1913) and Enderlein (19ZX) 
should also be consulted. The larvA are phytophagous and those of several species 
are well known. When fully grown they are rounded or barrel-shaped : a pair of 
rounded anal tubercles are present, and the postenor spiracles each contain three 
simple slits. The prothoracic pair are many-lobed, from about X4 to 38 processes 
being present. 

Trypaneid larvA may be grouped under four headings with reference to thelf 
habits, (i) Living in fruits, preferably of the fleshy type: Dacus, CeratitU, etc. 
(z) living in the flower heads of CompositA : Trypama, Urophora, etc. (3) IasI* 
imners, or living in stems or buds ; Actdta, Spilo^apha, etc. (4) Gall formers on 
various parts of plants. 

Ceratitis capiiata Wied. is the well known Mediterranean fruit fly (Quaintanca, 
1912) whose larva attacks almost all commercial and other succulent zruits, and 
becomes extremely injurious wherever estabhshed. The eggs are deposited inside 
the hruit, and the whole hfe-cycle occupies about 30 to 40 days, pupation taldng ^laos 
in the g^und. This species occurs throughout the tropics and wanner regioiUL 
including the Mediterranean countries of Europe. Acidia heraclei L. (vide Smith atad 
Gardner, 1922) is the celery fly whose larvA cause considerable damage by mining 
the leaves of that plant and the parsmp : it also affects certain wild UmbeUiferis. 
The life-history of Urjophora solsHUahs is described by Wadsworth (Ann. App, 

19x4) and that of Dacus cucurbtta by Back and Pemberton (C/. 5 , Bid/., 471). 
Observarions on the anatomy of the larva and imago of JDacus tsunemts are 
by Miyake (X 9 i 9 )- 

PAM* SAPROMYZIDiS.— FRONT with a single row of bristles on EXTHBR 

SIDE, yZBRZSSM WANTING : 3RD ANTENNAL JOINT MORE OR LESS ELONGATE* SU 
DISTIMCT THOUGH OFTEN APPROXIMATED TO R^. TIBIA USUALLY WITH PEEAHCAL 
BmiSTtB, HXDDLE PAIR SPURRED. OVIPOSITOR PROMINENT, USUALLY NOT UqnUY. 

A {amtty M small flies often with marbled wings, Williston includes in the giDUp 
the of Loew and others, which are frequently regarded as a separate 

The Uxym of Snpromyxa are scavengers, and pcMsesS a dorssl tjEnsvexae 
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tw of conical tubercles on the penultimate segment which is absent in Lonchaa, 
The larva of the latter genus has been fully described by Cameron [Tvms. BnU Sod, 
X913) and Silveslri (r9X7A) : that of JL. chorea has been found in cow-dung, rotting 
vegetation and diseased bulbs and roots. In L, aristella the larval existence is passed 
in the liowers and fruit of the olive in Italy. The body is narrow and cylindrical, 
taperi^ somewhat anteriorly; the prothoracic spiracles are 9-lobed, and the 
posterior pair is provided with three slits placed at right angles to one another. In 
Lauxania anea. Fall, the larva mines the leaves of clover (Marchal, Bull Soc, Ent, 
Ff,, 1897). 

FAM. AGROMYZIDiC. — ^FRONT bristly or otherwise, VIBRISSiE USUALLY 
PRESENT. ARISTA BARE OR PUBESCENT, NOT DEFINITELY PLUMOSE. WINGS RATHER 
BROAD, SC VESTIGIAL OR ONLY SEPARATE BASALLY FROM Rj ; CELLS M AND ClI 
ALWAYS SMALL, FORMER SOMETIMES CONFLUENT WITH 1ST M*. 

A family of small to minute dies, of ill-dcdned limits which graduate through 
certain genera into the Geomyzidae. The life-histories have been followed in a 
number of cases and the larvae are usually leaf-miners. Their range of food plants 
♦ varies greatly ; thus Phytomyza chrysanthemi is apparently confined to the Compositae 
while Agromyza pusilla Mg. utilizes species belonging to many natural ordei^. A. 
aneivmtris Fall, is stated to tunnel into the roots and leaves of clover, white A, 
pruinosa Coq. mines the cambium of birch and hazel. Larvae of Leucopis haY^ the 
unusual habit of preying upon aphids and coccids. The majority of species ox the 
family pass through several generations in the year — ^fivc or more in the case of 
Agromyza pusilla. The larvae are cylindrical, tapering somewhat anteriorly, and 
more or less truncated posteriorly. The mouth-parts are conspicuous on account 
of their dark colour and strong chitinization : on the ventral surface of the anal 
segment is a small sucker-like organ. The posterior spiracles are situated at the 
apices of backwardly projecting processes of variable length, usually contiguous 
and porrect. The puparia are broadly fusiform with the segments well dedned : 
both the anterior and posterior spiracles are prominent and projecting. Pupation 
either occurs in the larval mine or in the soil. For information on the metamorphoses 
of various species reference should be made to the papers of Perris (1870) for Leucopis ; 
Phillips [Joum, Agric. Res,, 1914) for Agromyza parvtcomis ; Malloch (1915A) for 
A, pruni ; Webster and Parks (Joum, Agric, Res,, 1913) for A, pusilla ; Miall and 
Taylor (1907) and Smulyan {Mass, Exp, Sia. Bull, i^j, 1914) for Phytomyza ; and 
Barnes {Ann, Appl, Biol, 1933) for the cambium miner Dizygomyza. The most 
remarkable life-cycle occurs in Cryptochertum, whose larvae arc endoparasites of 
Coccidae. In C, tceryce, which parasitizes Icerya, there are four larval instars (vide 
Thorpe, 1931). The 1st instar larva is an embryo-like sac devoid of tracheae and 
moutii-paxts, with the digestive canal closed : caudally it bears a pair of finger-like 
processes. In the successive instars the caudal processes increase in len^ and 
become filamentous until, in the last stage, they are much longer than the whole 
body : these organs appear to be mainly respiratory in function. A characteristic 
feature of the larvae of this family is the presence of sphaeroidal concretions of calcium 
carbonate in the Malpighian tubes and these products appear to be only wanting in 
CryptochtBtum and Leucopis which are carnivorous in habit. 

FAM. DROSOPHILID.^. — front with conspicuous bristles, 3RD antennal 
JOINT rounded or OVAL, ARISTA PLUMOSE OR PECTINATE : VIBRISSA EVIDENT, EYES 
USUALLY RED ; SC VESTIGIAL, Rj VERY SHORT AND THE COSTA INCISED NEAR ITS 


TERMINATION ; CELLS M AND 1ST M, USUALLY CONFLUENT. 

The flies pertaining to this family usually have a somewhat swollen appearance, 
with light red eyes, and are commonly taken by sweeping herbage. Others are 
prevalent about decaying fruit, cider presses, wine vats, vinegar factories, etc., where 
they are attracted by certain by-products of fermentation. The eggs of Drosophila 
are often spindle-shaped, bearing elongate processes at one extremity : as the eggs 
ace frequently submerged in fluid media, with the filaments at the surface, it has 
been suggested that the latter are concerned with respiration. The larva is ii- 
segmeniM with each segment surrounded by a girdle of minute hook-like spines 
(U, funebris), or the body may be uniformly invested with these structures (D> 
fCHOi^rarum), Three pairs of conical lateral outgrowths are borne on the anal 
S<!pnent, together with a longer median retractile process, carrying the posterior 
Sj^rades. In addition to occurring in fermenting fruit (Z). meUmogaster), in vinegar 
VSttS {4P. funebris) or in excrement, other larvse mine the leaves of various plants. 
,Tbie pttpse are fusiform with the anterior dorsal surface flattened to form an ovoid 

S Jte which is forced upwards to allow of the eclosion of the imago* Arising from 
I plate is a pair of stalked, digitate or plumose spiracular ptucesaes. Traces ot 
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the anal procesaes of the larva ate alao evident npon the pnpaiiuia. For an account 
of the life-history of -D. fune^ris vide tJnvdn (1907). 

FAM. EFHYDRlDiS. — ^ARISTA plumose, or pbctinatb doAsally, rarely 
BARE ; oral cavity USUALLY VERY LARGE, VIBRXSSiB INDISTINCT. SC FOR THE MOST 
PART CONFLUENT WITH R^, SEPARATE ONLY BASALLY ; COSTA INTERRUPTED NEAR 
POINT OF JUNCTION WITH THIS VEIN. CELL M CONFLUENT WITH 1 ST M», CELL CU 
USUALLY VESTIGIAL. MIDDLE TIRIAS SPURRED, NO PREAPICAL BRISTLE. 

The flies of this family are black or darkly coloured, inhabiting marshy places, 
damp meadows, etc. The family is, closely related to the Drosophilldae and clear 
distinctions are sometimes difficult to recognize. Jones (1916) has described the 
life-history of Ephydra millhrcB which is aquatic* The eggs are partially clothed 
with hairs and are attached to floating vegetation, etc. The amphipneustic larvas 
are densely covered with short pubescence, with the anterior spiracles 7-branched, 
and a pair of respiratory tubes emerge from a terminal anal siphon. Eight pairs of 
conspicuous pseudopods, armed with hooks, are present on the abdomen. The 
puparium is provided with an elongate siphon whose apex rests at the surface of the 
water. Larvae of N otiphtla occur in the stems of water plants, while those of Hydfelliu 
tnodestaJ^. are found in the leaves of Potamogeton and are metapneustic throughout 
life (Keilin, 1915)* Other larvae occur in salt or alkaline waters, particularly those 
of Ephydra htans Say and E. caltformca Pack, which often appear in such vast 
numbers as to have been used by the N. American and Mexican Indians as food. 
An account of the anatomy of the larva of E. nparia is given by TrAgkrdh (1903) and 
the metamorphosis of Tetcho- 
myza fusca by Vogler {IlL Zexts, 

Ent., 1900). The larva of Psi- 
lopa petrolei (Thorpe, 1930) is a 
veritable biological curiosity 
since it has long been known to 
live in pools of crude petroleum 
in California. Morphologically 
it diflers little from many other 
Ephydrids and its adaptation to 
its mode of life appears to be 
physiological. The food of this 
larva consists of insects trapped 
in the oil and possibly of bacteria 
which occur in that medium. 

FAM. OSCINlDiE (Chloro- 

pldas). — ^ARISTA USUALLY BARE, bl^.^)aciNELLA FRIT. 

ORAL CAVITY SMALL, VIBRIS&.E ReproclucxHl by permission of the Ministry of Agricultuw. 

RARELY PRESENT. SC VESTIGIAL 

OR WANTING, CELLS M AND 1 ST Mj CONFLUENT, CELL CU VESTIGIAL OR ABSENT (Fig. 
613). TIBLE WITHOUT PREAPICAL BRISTLE. 

Small, bare, often light-coloured flies, plentiful among miscellaneous herbage 
about roadsides, meadows, etc. Although closely allied to the Ephydridac they may 
usually be separated therefrom by the absence of lower fronto-orbital bristles, the 
small oral cavity, and the bare arista. The larvte are essentially phytophagous, 
although those of a few species are predaceous. The larva of Osctnella frit (Steel, 
1931) is very narrow in proportion to its length. The anterior spiracles are 6-lobed, 
and the posterior pair open at the apices of short tubular projections at the hind 
extremity of the body : each spiracle has three circular openings separated by chitin- 
uus ridges. In Oscinosonta the larva is less elongate and more musciform witii ambu- 
latory swellings on the abdominal segments : the spiracles closely resemble those of 
Oscinis (vide Silvestri, 1917). The larva of Chloropisca glabra is predaceous on aphides 
and its life-history has been followed by Parker {Joum. Econ. Ent., 1918), and 
the anatomy of the larva of Platycephala by Wandolleck (1899). The “ frit-fly * 
^scinzlla frit (Fig. 614) is a pest of cereals m Europe, The flics of the first generation 
oviposit in May on the leaves or stems of spring oats and various grasses*. The larvae 
migrate to the shoots causing the death of the central leaves. Flies of the second 
generation oviposit during July on the ears of oats, and the larvie feed on the sp^elets 
and young grain. Oviposition in the third generation occurs during September on 
winter cereals and various grasses. Winter is passed in the larval condition at the 
bases of the shoots which they ultimately destroy. The " gout fly ” Chlorops tMioptfs 
lays its ten during June on the leaves of spring barley or occasionally on couch gr^. 
The larve migrate hito the dioots which become thickened and the leaves ate d»- 
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torted. It the beilesr b abcmt to be lemed the htrve eats a gtMvedowhinte ride 
of it aad <he iirieriiode. The ear 0 dla to grow away £ix»m the eiil^ Tht 

flies of the aecoxia geaeratkm oviposit from the middle of Attgast until fhe middle 
of CMobermaiidyoncott but romethnes on seU*<scnm or if^ter cei^^ The 

riioots become greatly thickened* the leaves distorted* and no ear is formed 
Proc. ZooL Sac, 1923 : Ann. Appi. Biol. 1924), Certain apedes of Siphunenlina and 
Hip^laUs probably transmit conjunctivitis and other eye diseases m the Orient* 
California* etc« Such flies have spinous psendotrachese which aj^pear to make incisions 
in the conjunctiva and so aid the entry of pathogenic organisms carried on thek l^ies 
(Graham Smith, 193^^)- 

FAM* CORDYLURID-^ (Scaiomysidm ). — ^front bristly and weid^dzfferbn-. 

TIATBD FROM ORBITS* VIBRISSA PRESENT. WINGS RATHER LARGE* SC CLEARLY 
SEPARATED FROM Rj. TIBIA SPURRED* ABDOMEN WITH AT LEAST 5 EVIDENT SEGMENTS. 

These flies are never very small, and are usually considerably larger tWi most 
Acalypterse. They frequent meadows and moist places and many* particularly 
Scaiophaga, are found about dung in which the larval life is spent. A few j^ecies 
* have been bred from insect larvas. Cotterell {Proc. ZooL Soc., 1920) has described 
the life^histoiy of Scatophaga stsrcorana, and the adults of this genus may oftm be 
observed to prey upon other Diptera* but their predaceous habits have been^ery 
little investigated. Certain members of the family closely resemble the AnthomVidae 
but may be distinguished by the eyes being wide apart in both sexes and by^the 
absence of squamas. The lijf^history of Hydromyza confluens has been desorib^ by 
Welch {Ann, Ent. Soc, Am. 7* 1914)* this species being aquatic in the larval instars. 

In Mdition to the foregoing there are a number of families of minor importance 
which need a brief reference. The micropezida are a small family represented in 
Britain by about a dozen species : their members bear a resemblance to the smaller 
Tipulidse on account of their long slender bodies and legs. The tanypezida are 
m^ly comprised in the genus Tanypeza and are sometimes classifled with the 
preceding famfly but are clearly distinct : they do not occur in Britain The sepsida 
are not unlike the Micropezida^ but have rudimentary palpi : rather fewer than 30 
species are British. The pxophilida are closely related to the Sepsidae. Ptophila 
mszi is the best known member and its larva hves in ham* bacon* cheese* etc. Its 
biology has been described by Banks (1912) and by Herrick. On account of their 
pecuil^ habits of leaping the larvae are known as " cheese skippers '' : the leap is 
performed by the larva seizing the edge of the anal extremity with its mouth-hooks 
and suddenly releasing it when in a state of tension. The psilida include the well 
known carrot fly Psila rosa whose larvae cause much damage by eating into the tap 
root of the carrot (vide Smith and Gardner* 1922). The rhopalomerida inhabit 
Central and South America and the geomyzida are a small lU-deiined family often 
diflSiCult to separate from the Agromyzidae : their larvae have been found in the stems 
of plants. The celyphida atnd diopsida are small tropical families of very aberrant 
structure and easily recognized by the characters given m the key on p. 667. The 
FBYCODROMIDA mainly inhabit the seashore among weed cast up by the tide ; they 
are typica^y represent^ by the common littoral fly Fncomyiafrtgida. The borborida 
are small black or brownish flies often abundant near decomposmg organic matter : 
several are apterous and Anatalania from Kerguelen 1 . lacks the Imlteres also. The 
BEtEftONEURiDA are not often met with but occur among herbage near streams* etc. : 
tbit larva of Heltraneura aUnmana Mg. is described by Perns from rotting wood. The 
KELOUvauDA are usually recc^nizable by the bristly costal margin to the wings 
Tbait larvas have been found in carrion* dung and fungi : for the metamorphosis of 
Hthfnyza livens vide Gercke {Verh, Ver, Hamh., 1884* 4). The sciomyzida frequent 
da,mp riWations* their larvae being aquatic or sub-aquatic. The metamorphoses of 
Szptdon and Tzlanocera are described by Needhanl (1901). Both adults and larvae 
fid Aelom msHmm frequent the sea-shore and are often subjected to immersion in salt 
According to Joseph {Zool. Anz.^ 1880) the adults are protected hy a waxy 
eaatetjon which is constantly renewed. 
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H ; uAiMdly a «u)t9fior dud i pottatior 

^temopleural setae : ususQy ttofinitely bent tewar<is TACHtniM 

R4 + 4 (Big. 615 »). • (p. 675) 

4 : usnaUy x anteoor and 2 posterior 

sts^pleural setae : Mt either more or less parallel to H« ^ • 
or curved, rather than definitely bent, towards this vein anthomyi 04 I 
(Fig. 615 A). (p. 673) 

FAM. ANTHOMYID^. — ^This extensive family includes the Mnscidss (excepting 
CMiphora and its allies), together with the Anthomyidas, of the older wcxrks. Its 
species are small to rather large flies, many cl wh|ph bear a general resemblance to 
the house-fly. Although the family includes the hasmophagous geiieta Skmgxys, 
Glosstna, Lyperosia and Hamaiohta, in which both sexes suck the blood of man and 
other mammals by means of piercing mouth*parts, the vast majonty of its members 
are innocuous in this respect. The larvae (Fig. 575) show great diversity of habit : 
some are plant-feeders and are serious pests of agriculture and very many inhabit 
decaying organic 

matter, more especially ** 

of vegetable origin. Of 

these latter the major- 
ity are saprophagous, 
while the rest are carni- 
vorous preying upon 
other dipterous larvae, 
small Oligochaeta, etc., 
which inhabit the same 
medium. 

Musca domesHca L. 
may be taken as a 
typcal representative 
cf the family. It is. as 
a rule, most abundant 
during the hottest 
months of the year and 
in Europe and N. 

America attains its 
greatest numbers from 
July to September. 

According to Koubaud, 
the insect usually does 
not hibernate but con- 
tinucs reproduction 
during winter in warm 
rooms and stables, but 
further research is much 
needed with pa^cular 
reference to various cli- 
matic conditions. The 
eggs arecylindrical-oval, , - . , 

I mm. long, with two curved rib-like thickenings along the dorsal side : they 
in masses of 100-150 and the usual number deposited by a single fly m a hfe of about 
21 months is probably 6oo-x,ooo.‘ The chief breeding places are accumulatioiis of 
horse manure or stable refuse, but human and other excrement is often sel^tra, 
nd also most kinds of fermenting animal and vegetable substanw, 
ontents of ash bins. etc. At a temperature of 25" C.-35" C. the laxw ® 
ours. The first instar larva is 2 mm, long, metapneustic, and each posterior spwJe 
pens by a pair of small, oblique, slit-like apertures. This stadium laste 24-36 hours 
inder favourable conditions. The second instar SoS 

posterior spiraicles and, at a temperature of 25 C.-35 C., the st^um lasts 
•A howf*.^S« thini iostar is also amphipneustio and measures 
irhm fnUjr grows. The antarior spiracles have 6-S proces^. 

Puacto is a^D-sbaped ring surrounding three smuous shts. Incu^^ (rt 35 
‘‘adjum 3-4. toy»* pu pal stadium averages 4--5 days. The develop- 

‘ Bmni (BiUt. En(, Em. 13) states that in Panama a single fnnale may deposit 
•*38'/ eggs dwiag 31 dsyt tow emerganos, 
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mental c^de, from the egg to the eclosion of the imago, varies in dlSexent parts of the 
world with the temperature and other factors. According to Herms it varies from 
an average of 44*8 days at x6° C., to an average of 10*4 days at 30*^ C. Roubaud 
states that, in a heap of actively fermenting manure in warm weather, the life*cycle 
may only require six days* The house-fly has an important bearing upon the welfare 
of man as a carrier of the germs of summer diarrhcca, typhoid and possibly other 
diseases : there is also evidence pointing to the probability of its acting as a carrier 
of the eggs o^ certain species of intestinal worms. Preventive and remedial measures 
are numerous, and of these the most important is the elimination of the larval breeding 
places, or the rendering of the latter fly-proof or unsuitable for the insect. The 
destruction of adult flies must als <5 form pari of any system of eradication : this may 
be brought about by the use of fly traps baited with attractive chemotropic substances, 
by means of adhesive fly-papers, or by poison baits such as formaldehyde. The 
literature on this species has assumed extensive proportions ; a general account of 
the ii^ect and its relation to man is given by Hewitt (1914). Observations on its 
breeding habits are given by Newstead (1907) and Roubaud (Ann, Inst, Pasteur, 1922), 
• while the relation of the insect to medical science and sanitation is dealt wi/th by 
Graham-Smith (1914). Additional observations on this insect and other coimmon 
flies will be found in papers by the latter author (1916 and 1919). ^ 



Fig, 616.— falfaljs^ 1*kmalb. x 5. 
Reprodured by permission of the liustees of the British Museum. 


The biting house-fly Stomoxys calatrans breeds principally in horse manure and 
stable refuse, but the larva may also be found in grass mowings, sewage beds, etc 
The life-history has been studied by Newstead (1906), Bishopp (1913), Mit/main 
(1913), and others. The duration of the life-cycle depends upon temperature, 
humidity and the nature of the food supply, while the minimum period for complete 
development is 23-32 days. According to Newstead two important conditions are 
necessary for development — an absence of light and an abundance of moisture. The 
ova are laid in batches of 60-70 and about 600 is the greatest number deposited by one 
female (during 65 days). At an average day temperature of 72® F., and 65® F. by 
night, the larvae Wch out in 2-3 days. When fully grown they measure 11-12 mm. 
long, and difEer from ^e larvae of the house-fly in that the hind spiracles are rounded 
and smaller, with the three apertures on each plate only slightly curved instead of 
yyapf f sinuous. In England, during August, the larval period lasts 2 to 3 weeks and 
0 to 13 (toys are spent as a pu^ : in the tropics the pupal stage may only last 4 days. 

The species of Glossina or Tsetse flies (vide Austen, 1911 ; Austen and Hegh, 19 ^^ * 
Boubaud, /909) are now well known to be the carriers of the pathogenic agents 
of certain virulent diseases in Africa. Thus Glossina palpalis (Fig. 6x6) transmits 
Wpypanosoma gafnbimse, the causal agent of sleeping sickness, from man to man by 
fueaas of its pierchig mouth-parts. In a similar mamier G. pwrsiktni transmits 
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Tfypanoscma rhodesimse which is re8|>oiisibte for the more local or Rhodesian fotua 
of &at disease. GlossiM morsUans is also the diief carrier of the Trypanosomes 
which cause the disease known as nagana among domestic annuals. Althongh 
widely distributed through tropical and sub-tropical Africa, species of G/ossina do 
not occur continuously throughout that area, but are largely restricted to patches of 
forest and bush where there is warmth, damp, and shade, such tracts being known as 
“ fly belts/' The larvas in this genus are nourished within the uterus of the parent 
and, when mature, are deposited singly and at intervals in a shady situation on the 
ground. When newly bom, the larva is yellowish-white, with a black posterior 
extremity bearing a pair of polypneustic spiracular lobes. It speedily burrows c*r 
otherwise conceals itself and pupates, the imago kppearing about a month later. 

Among the phytophagous members of the family those of agricultural importance 
are discussed by Smith (1931)* For instance, the larva of Chortopkila brassica is 
extremely destructive to vegetables of the Brassica tribe and also affects wild Cruci- 
ferae. It destroys the roots of those plants and the eggs are deposited around the 
stem near the soil-level. Hylemyia coarctata is the Wheat Bulb Fly, which is a serious 
pest in many parts of Europe : it is exceptional in laying its eggs on bare soil and not 
necessarily in proximity to its host plant. The larva of Pegomyia are leaf-miners 
and those of P. hvosevami are destructive to beet and mangolds. In the case of 
Anthomyia spreta the larva feeds on the fungus Epichloe which attacks grasses, the 
fly laying a single egg in each patch of mycelium (Trag&rdh. Arktv. Zool. 1913). 

The carnivorous forms have been studied in detail by Keilin (1917) and are more 
especially enemies of saprophagous larvcU of other Diptei*a. They include species of 
Melanochelia, Graphomyia, Phaonia, Mydcea, Hydrotesa and other genera. Perhaps 
the most remarkable of the carnivorous larvae are those of Pa!>seromyia which are 
blood-sucking parasites of birds (Rodhain and Bequaert, 1916). The larvae of certain 
species of Mydcea are also subcutaneous avian parasites (Nielson, 1911). Mention 
needs also to be made of the larvae of Fannia which live in excrementous and other 
decaying organic matter. They are unusual in being broad and somewhat flattened 
with paired segmental outgrowths of the body-wall (vide Hewitt, 1912). 

For a general account of the family, including keys to the identifleation of most 
of the British species, the work of Seguy (1923) should be consulted. 

FAM. TACHINID-®* — Included in this family is a vast assemblage of mostly 
bristly flies which are characterized by the presence on the hypopleura of a row of 
setae, placed like a screen, in front of the metathoracic spiracle, on either side (Fig. 
582 A). Their larvae are essentially carnivorous and are largely parasites of other 
insects or less often feed on flesh or decomposing animal remains. Over 140 genera 
and more than 200 species are British ; for their identification the works of Wain- 
wright (1928, 1932) and of Lundbeck {DipUra Danica, voL 7) should be consulted. 

The Sarcophaginae are characterized by the arista being plumose up to, or slightly 
beyond, the middle and bare <li.stdlly : macrochaetae are usually only present on the 
distal part of the abdomen, the disc being rarely bristly, and the eyes are but little 
approximated in the male. The sub-family includes comparatively few genera but 
numerous species, often very much alike. For the most part they are uniformly 
coloured flies, with a grey longitudinally striped thorax, and marbled abdomen. 
The laxvae (vide Thompson, 1921) are of the Muscid type and taper anteriorly with 
the posterior extremity rounded. Transverse bands of denticles differentiate the 
segments, and the posterior spiracles are situated in a deep stigmal pit bearing, as a 
rule, three straight subparallel slits. The larvae occur in decaying animal or vegetable 
matter or are parasites of insects and other animals (vide Aldrich, 1915)* Their 
hosts include Orthoptera, I.,epidopterous larvm, adult Coleoptera, scorpions, earlh- 
worms, etc. ; snails are also not infrequently utilized as hosts. According to Pantel 
(1910) the parasitic larvae lie free within the body of their insect hosts, and do not 
acquire any organic connection with the latter as in Tachinids. Species of 
phaga (or flesh flies) are larviparous, with large eggs, and the uterus is greatly enlarg^ 
tf) form an incubatory pouch : on an average a female will deposit 40—80 larvae in 
their ist instar. Although mainly living in decaying flesh the habits of this genus 
are extremely varied. Several species parasitize grasshoppers (K^Uy, Joum. 
Agric^ Res,, 1914), their larvae boring beneath the body-wall of the host soon after 
deposition. Others have been found beneath the skin of tortoises, in the stomachs 
01 frogs, in snails (Keilin, 1919) or causing nasal myiasis in man : S. hamatodes, how- 
ever, 18 coprophagous. Fabre observed that the carrion fly S. camaria will deposit 
its larvae a height of 26 inches, and that the ordinary wire meat cover affords 
Muperfect protection, since the larvae can fall through the mesh unless the latter is 
^ery flua WahlfarHa magnifica Sch. is abundant in Russia, causing great suffering 
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to dodawMip an im alg awtog to even the smalleit wotuid becoming ioleoted its 
lame: in man it often canaes myiasia oHhe ear, noea, ejm, etc. Tim fly is {^rohably 
concerned with ihe spread of loi^ and xnonth disease, tmt does not occur in Britain. 
tn HeHa^sca muscana Mg., a parasite of snails, the larviparous meth^ of repro- 
duction reaches a high degree of specialization : the female produces a single enormous 
egg which gives rise to a correspondingly large-^sized larva (Keilin, xgi6). Tl^ q»ecies 
of MiUogmima, Metopia and their allies m, as larvae, in the nests of solitary bees 
and wasps vd^ch burrow in the ground. The female fLy lays the eggs in the nests 
of the bees, or on the prey of the wasps, and the resulting larvae devour the food 
of their hosts. 

The Calliphorinaa are very oft 4 n metallic green or blue dies and axe distinguished 
by the weak development of the macrochastae, which are usually absent from the 
dorsal surface of the abdomen : the arista is markedly plumose, usually for nearly 
its whole length. Many of the species are of importance in medical and veterinary 
science and in the typical genus CaUtphota, which includes the well-known blue 
bottles " or blow flies,*' the larvae occur in carrion, flesh, etc. Luctlia includes the 
" green bottle flies.** The almost cosmopolitan L, cmat breeds in carrion and | 
ment while L, sericata, the ** sheep maggot fly," lays its eggs on the wool of a 
its larvae bore into the flesh, causing death when present in large numbers. Ir 
traUa the sheep blow-fly problem of cutaneous myiasis is one of great imp 
The species Lucilia cupnna is of primary significance in this connexion and . 
its larval development on living sheep. L. sericaia and species of Calhphora 
may also play a part in initiating the attack. They are followed by secondary ^ics, 
including Chfysomyia rufifactest and other forms, which take advantage of the 
diseased conditions thus set up. Tertiary flies may also participate during the end- 
stages of the attack on the sheep. There is thus involved a complex biological associa- 
tion of larvae which entails great losses among the flocks (vide Rep. of Joint Blowfly 
CommiUe$t 1933). Among other Calliphorime producmg myiasis is Aucheromyia 
Meohit whose la^a is the Congo " floor maggot.** frequenting the floors of native 
huts, and is an ectoparasite sucking human blood (Roubaud, 1913). Phofmia (Proto- 
Mltphora) axurea is an ectoparasite in the nests of swallows, larks, sparrows and other 
birds : its larvae suck the blood of nestlings, attaching tliemselves to the skin by 
means of a sectional disc on the ist segment (vide Coutant, 1913; Roubaud, 1907) 
The larvae of Chrysomyia macellaria, the " screw-worm fly ** of N. and S. America, 
and of Cordylobia anthropophaga, the '* tumbu fly " of Africa, cause cutaneous myiasis 
in man and other mammals. 

Since the Great War the saprophagous propensities of certam Calliphorines have 
been put to practical advantage by the late W. S. Baer, of Baltimore, and others 
ia dewng with chronic osteomyelitis in man. When reared under sterile conditions 
larvae of Pkormia retina and of Luctlta, introduced into wounds, were found to clear 
away suppurating tissues, and inhibit bacterial growth, better than other methods of 
treatment. 

The " cluster fly " PoUenia rudts is a paurasite of earthworms of the genus Allolo- 
bophora (KeUin, X915). The eggs are laid in the earth in September, and the young 
larva probably ma^es its way ^ough the genital aperture into the vesicula seminalis 
pf its host, where it remains during the winter. At the beginning of May it awakens 
and enters the body-cavity, if it has not already done so earher. For a period of i 
to 4 days It migrates forwards and, during the last part of the journey, its spiracular 
extremity is directed towards the prostomium of the worm. Arriving at &e latter 
re^on, it wears t^ugh the body-wall by means of the denticles aroimd the anal 
segment, and the spiracles are thus placed in communication with the exterior. Six 
to days after perforating the prostomium the larva moults and, growing consider- 
ably, eats its way into the pharynx of the worm. After a further period Of 9 
passes into the 3rd instar, and gradually eats its way backwards untU only the hinder 
l^pnenta of the host remain : pupation subsequently takes place, and the imago 
amears in 35 to 45 days. A very similar host relationship occurs in the genus Onena 
(vide Fuller, 1933)* 

Tbe thjrd group, or the Tachiniiue, forme by far the largest diviskm of the family- 
A* lar^ its members axe uniformly parasitea of other insects, or zareiy of other arthr^ 
podk Thew are cosuqncoously bristly flies, thinly or not at ali piloM and Ufith w 
unaa cMlied t»ith marginal, lateral and dism sets : the arista is moat often 
I (Fig. 617). Their habits are very much auke and they are mosily fonad amo^ 

itathm, particularly on flowen. BiotogioaUy tiieyaro of great iatsrest and impe*”- 

I and Fahtei (i9»>) has divided the cMctes into a number of groupa auoavdiag to 
gauiwair of ^la^ the aiis. Brialy. it ma^ be aai# that many eptw 
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avoid wggB, Sattttod Wow, MAd ceiOmt them to ehk of tbe bcM; ; ike muUkig 
harm epeedily bore thw wby interiv(diy ((ijmno$<ma, TMiriett, Winfhmi0, Tacfina, 
etc.}. Othcre wte virtiially viviparotts eioce the larvae halcb immediatdy ana hre 
deposited on the bodies of the future hosts (JSjufomta, Votia^ P}agi», etc.). Nutneroas 
species lay abundant small darkly coloured eggs on plants : these eggs ate swallosMl 
with the lood and hatch within the bodies of the hosts (Sfurmia, Rhecodineum, Xmih 
lia, Gonia, etc.). A considerable number of Tachinines lay their eggs in situations 
frequent by the hosts : these hatch almost immediately into migratory and Often 
armoured larvae which bore their vray into the first suitable host {Dtgowchmte, 
myia^ Dexia, Prosem, etc.). There are again others which pierce the host wi^ a 
special spine-like apparatus and deposit their eggs, or larvae, internally [Ocyptera, 
AUophora, Compsilura). 

Tachinines select as their hosts larval and adult Coleoptera, Orthoptera and 
Hemiptera, but most often parasitize lepidoptcrous larvae and to a lesser degree 
thdbe of H3rmenoptera : in a few instances they are known to select larval Diptera, 
land Isopods or Myriapods. Their larvae are usually broadly cylindrical, taperix:^ 
but little towards the anterior extremity, and with rather indistinct segmentation. 
The anterior spiracles are small but the posterior pair is conspicuous and often darkly 
coloured owing to sclerotization. Most 
of what is known of the biology of the 
sub-family is due to the researches 
of Pantel (1898-1910), Nielsen (1909). 

Thompson (1923 onwards) and Baer 
(1920). 

Within their hosts the larval life of 
Tachinines presents many variations 
but, in some stage of existence, they 
respire free air either by means of a 
perforation in the body-wall of their 
host, or by means of a secondary con- 
nexion with the tracheal system of 
live latter. In either case, the larva is 
enclosed in a sheath gaine de fixa- 
tion " of Pantel, funnel or siphon of 
other observers) which may b« either 
primary or secondary, 

(1) The PRIMARY SHEATH .* this is 
always cutaneous in origin, and is 
formed as an ingrowth from the lips 
of the original perforation by means 
of which the larva enters the host. 

This perforation persists as an air- 
hole ('* soupirail of Pantel) and the 
larva hangs, head downwards, with its 

spiracles respiring free air through the . x 1 1 

aperture. The sheath consists of an inner layer of chitin and an outer layer 01 
hypodermis ; it grows around and closely embraces the parasite and mmntams the 
latter ih position. The sheath may be complicated by the adherence of the degener- 
ating surrounding tissues which are often soldered together by the profuse secr^On 
of ffh ft i n by the h3rpodennis. In this manner muscle fibres, fat*body and tr^hess, 
alone with dead phagocytes may become involved, the whole forming a dense, 
com^ sheath surroundtog the parasite. This type of sheath occum m 
fera, WifUhemia 4'^stuJata, etc, x 

(si Ibe SECONDARY SHEATH : this may be either cutanwus or toaohjeal m oxijm 
accofding to the position of the air-hole. In species in wh^ tto type of weatai 
obtataTthe parasil^ves for a while free in the body-cavity of its host ^ in Thrmm 
or witMa some particular organ (nervous system, muscles, ^tc.) as m trepiaa 

and Simmia smcofice (vide more especially Pantel, J Sasala, 
or later, owing to the respiratory needs of increasing growth, it seel^ 



Fig. 617 — CwNTETEn cieeeea, Female. 
From Bull 1429 U.S. Dept. efAgrie, 


Sasaki, z 88 o). Soome 
oommamicatioa 


with ' By ntea,ii8 of the anal extremity tiie larva gi^u^y bores its Wf 

either 'tbrottgh the iategument, or into a tracheal tmnk, and thus iotot a sscMMiwy 
idr-hoi^V^cheyer situation is chosen, a sheath grows round the la^ 
lueaits of aa iagrowiii of the integnment {Thrixion) <» as an onttto^h Jw ww 
of a tmtm ^ an aiwan Siphom. ^ 

psrsstllie bfM i tn f S enclosed as In tiis primary sheath . Whlt^ever way it is fonneo, tao 





iribufifttSi h It |»kiMogical reaction of the host against Mtation tji&d ||ileix)hic infectio 
induced by tte presence of the parasite. In Ccn^silura and the parasit 

Bicqni^ a direct connexion with a spiracle of the host^ and the ciheath nnder 
eSrcaniistances is little more than a collar*Iike rim around the caudal end of tli 
parasite. 

Ibe mode of life of the parasite within its host varies not only among diffeier 
XachinineSt but also during the life of an individual species. Thus in Thrixion, 
example, the«latva devours only the blood and fat-body and forsakes the host win; 
the latter is ^ive, Furthermore, it does not void excretory matter until it leaves ii 
host. In similar cases, ih which the first diet of the lai*va consists ot the blood plasin 
of the host, the surrounding sheath is closed, absorption talaiig place according to 
Pantel by means of physiological filtration : at a later stage the buccal anuatme 
pierces the sheath and the larva then commences to devour the fat-body. The 
greater number of Tachinmes rupture the surrounding sheath in the 3rd instar and, 
becoming free in the body-cavity of the host, they commence to devour the vital 
organs of the latter. In certain other Tachinmes a still more complex mode of lite is 
• foUowed : thus in Sturmui sencaner (Sasaki, 1886), which parasitizes the silkjworm 
the eggs are deposited on mulberry leaves and are swallowed along with the leafttissne 
by the host. The eggs hatch in the gut of the latter, and the young larvae bor^ their 
way through the wall of the digestive canal, and penetrate into the ganglia of the 
nervous system. At a later stage they forsake the latter, and acquire conncKKms 
with the spiracles of their host. Other species similarly live an intraorgamc lil(‘ 
within the nervous system, muscles, etc., of the hosts, during part of their exi&tfeiice 
(Pantel, 1909, 1910). Such species have remarkably small eggs adapted for being 
swallowed by their host. Pupation in Tachimnes takes place as a rule in the soil • m 
some species, however, such as Carcelha gnava, which is a parasite of Malaro^oma 
neustna, the pupal stage occurs within the pupa of the host While the Tachinmes 
are here regarded as a single sub-family, modem taxonomists often separate them, 
on imaginal characters, into several groups, viz. the Phasunde, Tachinmae {sen. str.), 
Rhinophorinae and Dexiinae. These groups are not, however, sharply defined and 
various annectant genera occur. 

FAM. (£STR 1 D.£ (Warble or Bot Flies). — A comparatively small family of 
stoutly built more or less pilose flies, often bee-like in appearance. The antennie 
are short and partially sunken m facial grooves and the venation almost always 
of the Tachinid typi^. There are no steniopleural setae while the hypo])lcural setae 
are represented by a group of hairs. The ovipositor is extensile and often long but 
not adapted for piercing : the eggs arc laid on the body hairs of the hosts and ai^* 
provided with special clasping flanges. The larvae are endoparasites of mammals 
but, with few exceptions, the life-histories are imperfectly known owing to dilti 
Guides attending observations of the cycle in the living animal. 

While the (Estrida* are usually regarded as a separate family, they have delmite 
affinities with the Tachinidtc with which they are associated by some authorities 
The taxonomic position of Gastrophtlus is problematical . some writers elevate the 
genus to family rank ; Seguy places it as a sub-family of the Anthomyidae, while 
other authorities retain it as an anomalous group of the (Estridm. The venation is 
of the Anthomyid type and there are no hypopleural hairs or sctce, while the S(iuara<e 
are much smaller than usual among Calyptorae. 

OEstridae are more frequently met with as larvde than as adults, and a number 
of species have been described from the larval phase only : only mne species occur in 
Britain. Parasitization of the mammalian hosts occurs in three ways : in the stomach 
and intestines, in the nasal and pharyngeal cavities, and beneath the skin. As a 
rule each species parasitizes a single sp^ies of host, and each genus or group of allied 
species attacks allied hosts. The larv®, when fully grown, are broadly cylindrical 
or somewhat barrel-shaped, narrowing relatively little at the extremities, and never 
tapering anteriorly in a manner comparable with other cyclorrhaplious larv®. Twelve 
segments are present with the first two much reduced and annular. The bCKiy-v\all 
Ui very tough with lateral swellings and groups of spinules. As a rule (Estrid laiv^e 
are metapneustic ; in Gastrophilus the anterior spiracles are sieve-like, and apparently 
function^, and the tracheal system is consequently amphipneustic. Carpenter anc^ 
Pollard (19x8) have detected the presence of 6 pairs of vestigial lateral abdoiumai 
miracles in Hypodema and CEdemagena. Mouth-hooks are present in all ist stage 
(Estrid larvae but subsequently they may become reduced or vestigial. Hypoderm 
Is dnique among Cyclorrhapha in that there are five larval instars. 

The larvae feed upon the serous and other exudations into the tissues of 
dffiich fluids are usuadly either altered or increased owing to irritation indnted by tu 
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ggence <A ** l<»ve their hosts aad imnte in 

. ground or ooiKing wmce utter. 

UypodermH 1 ' ^®s>" H. bovts and H. Hna^m. 

je Mlults aj-e active fr^Hay to^AupM and the eggs are mostly laid on the hairs 
the flanks, le^ e»a fert of wtile. According to Hadwen H. hneatum lays i-u 
,os on a single h^. n«^y b^een the point of the hock and the ischium, and on 
’,0 inside of the ]x^. H.bmu lays its eggs singly on the hairs, chiefly about the 
P, in bo^ epeci® ^ey hatch in 4 to 5 (kys, and the larvae bote their way beneath 
he skin, and n^ate for several months throngh the body, until thev teach toewlll 
,,U« g«M. H». they ^ lo„„a faom Uto ..mm« 

uiwards they commence to arrive beneath the skin of the back LateTthr^w,!^! 
pierced and toe posterior spiracles then communicate wito the eStiw 

nntd I^y or later toe fully grown W are fomid in STwiun^or 
warblM on either side of the spine of the host-animal. Ultdmately each ^a 
works Its way out smd falls to the ground where it pupates. The pupal iiato tote 
about 5^ weeks. Squeezing out the larv® is the best remedy at m^nt available 
as no efficient preventive methods have been devised. The injuries caused by the ^ 
perforation of the hide, and the deterioration of the flesh, and reduction in the milk 
occasioned by the presence of these larva\ entail great losses to the trades concerned. 

I'* urthcr research is needed to ascertain the course followed by the young larvse during 
their migration from the skin to the gullet. Not infrequently they are found in the 
spinal canal having apparently deviated from their normal path after leaving the 
gullet. Most of what is known of their biology is contained in the papers of Hadwen 
(1912, 1916) and Carpenter and his co-workers (1908 onwards) and m the bulletin 
(No. 1369, U.S. Dept. Agric., 1926) by Bishopp, Laake and collaborators. 

The sheep nostril fly {(Estrus ovis) is usually larviparous depositing its larvae 
in the nostrils of sheep. The young larv<e migrate into the frontal sinuses of the 
head where they attach themselves to the mucous membrane. When mature they 
iclcase their hold and leave the animal The presence of these parasites causes nasal 
discharge in the sheep and often obstruction of the air passages. The human warble- 
fly [Dermatobia homtms) is widely distributed m N and S. America. The females 
seize mosquitoes, particularly Psorophora, and attach the eggs to these vectors (Sam- 
iKin. Journ, Trop. Med md Hyg. 25, 1922) : more rarely Authomyidae are utilized 
for this purpose. When the mosquito, 01 other cairymg insect, settles on man the 
warmth evidently induces eclosion ot the larvai which bore their way beneath the 
skin and cause warble-like swellings In adihtion to man most kinds of domestic 
animals function as hosts. 


The horse bot-flics (Gastrophilui,) also lay their eggs on the hair (vide Dove, 1918 ; 
Hadwen and Cameron, 1918) In G inte^twahs they are found on various regions, 
preferably the fore-legs The young larv«B hatch upon the appheation of moisture 
*in(i friction supplied by the hcking of the horse : they are ingested, and attach 
themselves to the walls of the stomach G. nasalts oviposits on the hairs beneath 
the jaws, and to some extent on the shoulders, etc The larvae attach themselves to 
the pharynx, stomach, and duodenum. G hcBmorrhoxdahs lays its eggs singly on the 
hairs around the lips : the larvce attach themselves to the stomach-wall, eventually 
nngratmg to the rectum, where they become re-attached. Before leaving the host 
they again become attached close to the vent and piotrude therefrom In all three 
species the larvae are ultimately voided through the anus and pupate in the ground. 

Among general works on the Qistndac the original monograph of Brauer (1863) 
is important, together with the more recent treatises ot Bau ifienera Insectorum, 
Muscarida^ (Estrina, 1906) and of Seguy (1928). 


Section C. PUPIPARA 

A remarkable group of Diptera whose structure has been greatly modified 
in accordance with an ectoparasitic life. The winged forms do not fly any 
considerable distance, and all species are adepts at clinging to their hosts 
and working their way among the hairs or feathers. The daws are higWy 
developed, and toothed or spined for the purpose. The abdomen is in-^ 
distinctly segmented and, like the rest of the body, tough and leathery. 
With the exception of Bratda all species are blood-sucking ectoparasites of 
Mammals and birds, but do not utilize man as a normal host. The larvae 
(excepting those of Braula) are retained within the uterus of the parents, 



<a TlTPTIClJ 

fvlHjfeilief the secxetioa of the '|wmAb |«4 hbcessory 

Ilfhuidi!. When fully mature they are deposited on ther froaiid, or in the 
hbcK$(!s of their hosts, and almost immediately ^ai^ to jptipih. A list of 
the palseajcctic speaes arranged according to their hosts is givra by Becker 
and Bean (1895). For the structure of tl» i»oboscis 
vide Muggenbetg (1892) and Jobling (1926-28). and 
for the general bidogy and morphology of the Wily 
consult Massonnat (1908) and Falcoz (1926), The 
phytogeny and distribution is discussed by Speiser 
(1908) vrho has also monographed the world's genera 
The ^oup owes its existence more especially to the 
hilarity in reproduction and parasitic habits 
exhibited by the adults. In adl probability they 
are to be r^arded as degraded members o||i the 
Schizoohora. 
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FAM* HIPPOBDSCID^. — ^hbad sunk into an ie^ar 

GWATION OF THE THORAX PALPI NEITHER LEAF-LIKE ^01 
FORWARDLY PROJECTING, FORMING A SHEATH TO THE |>R0 
BOSCIS EYES ROUND OR OVAL, OCELLI PRESENT OR ABSENT 
ANTENNAB INSERTED INTO A DEPRESSION, I-JOINTED, WITl 
OR WITHOUT A TERMINAL BRISTLE OR LONG HAIRS LEG 
SHORT AND STOUT, CLAWS STRONG AND OFTEN TOOTHED WINGS PRESENT 01 
ABSENT 

These insects (Fig 6i8) are dorso-ventrally flattened and of a tough leather 
consistency, both features being correlated with an ectoparasitic life The famil; 
indudes such well loiown insects as the ' forest iiy ** Htppobosca equina which affect 
horses and cattle, and the sheep tick or ked ** Melophagus ovinus Amon 
other Bntish species Omitkomyia aviculana is a parasite of many wild birds an< 
Lipoptena cervt is found on deer All these 
species have a very extensive geographical 
range and 0 avunuarta has been earned by 
birds almost all over the world The degree 
of development of the wings diders greatly 
in various members of the family In 
JSippi^osca and Orntihomyta they are fully 
lonned : m Allobosca they are vestigial 
while in Melophagus (Fig 619) wmgs and 
balteres are absent Both sexes of Lipop- 
tena cem are winged but upon discovering 
A host the females soon cast their wings near 
the bases : wingless males similarly occur 
The palpi in this family are rigid organs 
projecting fmrwardly downwards and formmg 
a partial sheath to the proboscis The latter 
IS curved and slender, protrusible* and 
biiddeii from view when retracted Whethei 
both sexes are equally active bloodsucken 
does not appear to have been dehnitelj; 
ascertained^ but their punctures are seldom 
painful. Ihe females produce at intervals 
single laxvsB which are whitish, or pale 
ymofW, With a black cap at the postenoi 
mid WhidH involves the li^iracles They are 
soimobale with littk or no traces of seg- 

tomtsMoUt and very soon transfonn into puparia For the genera of tibe &mily 
fMSult Speiser (1899) and an account of the st ruct u re of 

by Pratt {XB95) : the Bntiah species are discussed and figured by Austes 
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FDtOBD BACH At fumt m A GBOOVB M bORSCU 
aw BVEC AND OOStLt WHEN PRESENT VESTIGIAL ,* ANTENHW D 

Btr BEXSTLEB IBSBRTEP ON tUBERCI^BS. A FAIf-SBAPim CSWB 0^ 
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Oie cwitttrkw bonJfltiag » th« Indiaa^J^ Worid. 

ATycief^Wa is British. Inviswof ^ 

that certain species have a very wida geoerap^al ranoe**?^?*”* « ** ^ surprising 
of Nycfcenbid may utilise se^al spelies Wst w^f 
mote raj^y, of d^^t famUies inversely a species oT £t 

^ •species of the latter have been leootded from 
JldS 2 l^SrJrS.^»mT’®* (^ntr»s Information on the general structma 

(1863) tod Scott (1917) should also be consulted^ Rodham and Sousett (toi^K) 
have pubUshed a detailed account of the behaviour of Cyclopodta The 

tov® toe deposited m a less advanced stage of development than those of eertaio 
HippoDoscidas and the spnacles are postero-dorsal m position. The puparia 'were 
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found adhering to the perches and parts of the cages in which the hosts were confined. 
According to Muggenberg (1892) a ptilmum is wanting in this family. 

FAM. STREBLIDiS. — ^kbad not flexed on dorsum or thorax ; byes wxbh 

PRBSIU^ SMALL, NO OCELLI . ANTENNA IN PITS, 2-JOINTED. PALPX LBAF^LIXB, 
PROJfBCTlNG ZN FRONT OF THE HEAD BUT NOT SHEATHING THE PROBOSCIS* KIND COXA 
ENLARGED, CZJIWB NOT DISTINCTLY TOOTHED. WINCfe WELL DEVELOPED, VESTIGIAL 
OR absent. 

A small family widely distributed throughout the tropics and warm reigions of 
the world. In habits they are almost exclusively parasitic upon batSj, and most of 
what is known concerning the family is included m a paper by Speiser (t90o)« 
Ascofiifiteran Adens. (Queensland, E. Indies) is one of the most mnarkahle of Popipara 
and is unique on account of the degeneration undergone by the female. * Both sexes 
are ifdnged but exhibit marked difterences m the structure of the proboscis t in the 
temiUe the labellar teeth are very large and blade-^hke, on the other handy in the ntale, 
the teeth are exceedingly small. On reaching its boat {Mtnopterus) the female mslises 
a i^ajr bendath the near the base of the ear, and casts both tegs and wings. In 
tide situation the develops into a greatly enlarged, flask^haped sac, with the hinder 
sxtimldty commnnicating with the exterior (Muir, 19XS)* Typical genera ^ the 
fsm% ihcbide NycUfipbasca Speis. which extends mto Europe, RaymQn 4$0 Frfld. aed 



SifMa Wied. Very little is known concerning their biology but Speiser states tl 
they are larviparous. 

FAM. BRAliLlDi^E. — ^MINOTE LOUSB-UXE insects with short thick LE( 
VESTIGIAL EYES, AND DEVOID OF WINGS AND HALTERES. THE LAST TARSAL JOI 
FURNISHED WITH A PAIR OF COMB-LIKE APPENDAGES, 

Included herein is the sincle ffenus Braula Nitz. which lives in beehives. T 

species Braula cceca Nitz. (Fig. 621) 
usually found clinging to the thorax of t 
queens and workers, but Dubini sta 
tiiat he has seen queens almost entin 
covered with this parasite. The exten 
structure of this remarkable creature 1: 
been studied to some extent by Mein< 
(1890, p. 216) and Bomer (1908). Accoi 
ing to Muggcnberg (1892) a ptilinum 
present and the mouth-parts agree in th 
essential morphology with those of{, t 
Hippoboscidae. Braula is oviparous' a 
according to Skaife (Trans, Roy, 'S 
5. Africa, 1921) the eggs are laid ai^o 
the brood combs. They hatch out it 
musciform larvae which tunnel throu 
the capped cells of the comb but do lit 
harm. Pupation takes place in the cc 
and the imagines find their way to t 
bodies of the bees The systematic po 
tion of this family is extremely doubtful and in some respects it appears to 
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Order 33. APHANIPTBRA (Siphonaptera j Fleas) 

SlIAIX, AFTEROOS, UTIRAJXV COMPRESSED INSECTS WHOSE ADULTS ARE 
ECTOPARASITES OP WARM-BLOODED ANIMALS. EYES PRESENT OR ABSENT : 
ANTSNNB SHORT AND STOUT, REPOSING IN GROOVES: MOUTH-PARTS MODI- 
, PIED FOR PIERCING AND SUCKING, MAXILLARY AND LABIAL PALPI PRES 
* THORACIC SEGMENTS FREE : COXJB VERY LARGE, TARSI 5-JOINTED. LA^B 
ELONGATE, ERUCIPORM AND APODOUS. PDP.E EXARATE, ENCLOSED IN COCOWS. 

The Aphaniptera, or fleas, may be readily distinguished from otner 
apterous parasitic insects since they are strongly compressed laterally 
jnsffjd of bdng dorso-ventrally flattened. They constitute a very sharply 
order of insects quite devwd of dose connection with My other 
group. Their origin is very obscure, as no undoubted traces of wings have 
bear discovered in any stage of their existence, and their general structure, 
al thoug h specialized in some directions, is simplified in others. They are 
presumed to have arisen from far-off winged ancestors but all traces of such 
descent have been ddeted, and the simplifications of structme which they 
exhibit seem to suggest that their origin may have been relatively low doiro 
in the «idq>terygote series. In their metamorphoses they possess certain 
features in common with the Diptera Nematocera. 

Fleas are blo^-sucking ectoparaates of mammals and birds. ^ They 
are negatively heliotropic and respond to warmth : when a host dies the 
fleas leave as soon as the body cools and seek fresh hosts which are not 
always of the same spedes. Many kinds are apparently con&ed to one 
Bpec iffi of animal while others infest a range of hosts. The relation between 
different species of fleas and their hosts, however, is not a very close one, 
and in the absence of the dective spedes of the latter, mMy will fwd readily 
on blood of other animals. Their powers of walking are sUfdit, then 
diief meth^ of progression being by leai«ng. Accordii^ to hfitaandn the 
^fldmiim vertical height attained by the leap of PuUx irritans is yj indies, 
while fte horiz<mtal range may extend to 13 inches. , . . ^ 

About 800 spedes of the order have been described of which 40 we 
known to occur in the British Isles (vide Rothschild, 1915)-, During the 
twenty-five years the work of the Indian Plague (kimmissimi, and 01 
fflayy observers, has resulted in a great increase of knowlMge 

sditiBg to these insects. At least deven species have provd c^ble ot 
tNaASmittinsj bubmuc dague. In India the species mostly implicated is 
mt flea, Xmopsylk ckeopis (Fig. 6 a 2 ). The rat is particularly sW' 
id this disease, and the flea itsdf becomes infected with the plague 
by feeding upOTi an infected animal. When the latter dies, tw 
iaai ddwt tl» bcdy, and many find their way to man, particularly when 
tiMi population lives under crowded conditions m mt-tniestea 
af|, It is impc^le here to detail the evidence as to the manner m 
i the mt flea ttansodts the disease to man as^the p^)m » » 
'one. It niy he pointed Mi, however, that edijfe ^ 
of fhe flat ol the flea, vAjai fiottam the pathoimie *** 
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iraftM from time to time. Thie excretory matter, if it Im iatrodoced be- 
tiMth the by $crat<ifaing ot other means, is liabie to produoe ittfection. 
Bafiot and l^tia have demonstrated thatplagne-lnfested may convey 
«^ase by a method comparable to inoctdation. When placed on a 
they suck vigorously but owing to the fact that, in a certain number 
of me m^ts, the digmtive canal is Mocked by a dense mass of rapidly 
inMti]d3dng plague bacilli, the blood that is imbibed fails to enter.the stomach 
and 18 regurgitated into the puncture. Since this Mood is now contaminated 
with badUli derived from the previous host, the disease is thus transmitted 
to the new host. Rats are not the only animals attacked by plague, sotdrrels 
and other rodents being also liable to the disease ; consequwtly of any 
species. wMch attack both ground rodents and man, iTLids where plami 
is mwalent, are to be regardedas possible agents in the transmission of Se 
malady. 


One of the most familiar 
of these insects is the cos- 
mopolitan human flea Pulex 
Although man is 
its favourite host it is often 
found on the badger, also on 
the fox and other mammals. 
The extensive genus Xeno- 
p^Ua includes the plague 
flea par excellence {X. che~ 
opis) which has been pre> 
viously alluded to : it is 
almost troplcopolitan and is 
a scarce vagrant in the 
Brititii Isles. Ctenocephalus 
(Fig. 623) includes the dog 
and cat fleas (C. cams and 
C. fdis) both of which occur 
on dogs and cats. The rab- 
bit flea {SpilopsyUus cuni- 
adi) c(»nmonly aflects the 
ears of hares and rabbits, and 
sometimes becomes trans- 



Fig. 622 — XMNopsriLd qsmopib, Malb* x ao. 
Afltr WiitmtoiL Reproduood by permission of the Tnittest o( tbf 
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ferred to cats while the latter 

are bwyitiog those animals . The genus CeratophyUus includes a number of 
species, some affecting birds and others mammals. Of the former, C. 
gaUind is Sequent in hen-houses and in the nests of many wild birds : C. 
penidSiger, among the mammal-infesting forms, is common on numerous 
hosts fr»nliidiTig voles, mice, and stoats, while C. fasdatws is the ccnmami rat 
flea of QOol countries. Leptopsylla musculi is harboured by the mouse and 
spedes of Nycteriopsylla and IschnopsyUus are essentially bat parasites. 
In to the foregoing speaes, which occur in Great Britain, mention 

needbi to be made of the well known " jigger " or " chigoe ” {Dermatophikii 
penOmM) of the tropics whose females remain attached to the sl^ in one 
poritikm for the greater part of thrir existence. The modifications of external 
straelure associated with this habit are so marked that the abdomen be- 
comte Abttededto the rise of a small pea, the insect bearkig a dose nsem- 
blaanetqntidt, it has a large number of hosts and its attadb are usually 
tire feet : in man it particularly affects the toes. Instead oi 
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remaining at the surface of its host, the fertilized female burrows into the 
flesh, until it ipay become completely embedded. 

External Anatomy. — ^The body in the Aphaniptera is strongly com* 
pressed, and well chitinized, with the evident advantage of enablmg these 
insects readily to work their way among the hair or feathers of the host. 
There is usu^ly a prominent armature of spines and bristles which are 
^arply incUned backwards, thus aiding forward progression, and the daws 
of the feet are strong in conformity with the necessity for grasping. The 
head is very dosdy attached to the thorax without the intervention of a 
cervicum. Situated on the middle line of the frons there is, in many spedes, 
a chitinous tuberde which probably functions as an organ for the imago 
to cut through the pupa case and'cocoon during emergence. The eyes are 

non-faceted, and may be 
deeply pigmented bul^t in 
a numbi^ of spedes, mey 
are vestigial or absmt 
The latero-ventral border 
of the head often carries 
a row of powerful spines 
forming the genal comb 
which is present on either 
side : these organs are 
frequently referred to as 
ctenidia and are wdl 
seen, for example, in 
Ctenocephalus. The an- 
tenn a are lodged in anten- 
nal grooves and are short 
and stout with three evi- 
dent joints. The terminal 
portion is pectinated and 
exhibits a number of an- 
nular divisions, which var> 
in completeness of de- 
velopment in different 
genera, and sometimes in 
different sexes. The 
mouth-parts (Fig. 624) are 
adapted for piercing an< 
suc^g, and the most im- 
portant organs are the 
mandibles. These structures are rather broad blades which are serrated along 
the distal two-thirds of their length. Proximally, the inner surfaces of the 
wn^tidibles are in contact with the short h3rpopharynx and, whore the latter 
mrgan tominates, they are closely opposed to the epipharynx above. Each 
mandible is distally grooved along its inner aspect from the point where the 
hypophar3mx ceases, and they form together a channel through which the 
saliva is ejected. Basally, the mandible articulates with the head capsule bv 
means of a small rod-like sclerite which imparts to it considerable freedom of 
movonent . The labrum-epipharynx is a long slender organ which is ventrally 
jgmoved. and chtsdy approximated to the mandibles, the combined orgam 
tbfps forming an affiorentdiannelthrou^whidr blood is sucked up, 

is a small sclerite whi^ is concave ventraUy and incurved at the 
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margins : within the area thus defined the salhraxy pump and its operating 
musdes are lodged. Anteriorly, the hypophaiynx is prolonged into a anal! 
process, which is perforated by the salivary duct, and extends for a short 
distance between the epiphaiynx and the mandibles. The tnaxillm each 
consist of a single lobe or blade, on either dde of the mouth, and a 4-iomted 
palpus: thqr are not cutting organs and apparently do not enter the 
puncture made by the mandibles. The labium is formed of an oblong 
basal plate or mentum, which carries distally a pair of labial palpi : the 
latter are elongate and usually s-jointed but the number of joints varies 
between 2 and 17. In transverse section the labial palpi are slightly con- 
cave and, when placed together, they form a kind of sheath which encloses 
the piercing mouth-parts. When a flea desires to feed it punctures the skin 
by means of the combined piercing organ formed by the labrum-epiphar3mx 
and mandibles. The muscles of the .salivary pmnp inject saliva into the 
perforation thus formed and the aspiratory action of the pharjmx draws up 
blood from the now congested wound, through the afferent channel, and 
so into the stomach. Considerable difference of 
opinion exists as to whether the labrum-epiphar3mx 
exercises any piercing function at all : several 
observers maintain from the structure of its apex 
that it is incapable of perforation and, if this view 
be the correct one, it is evident that the wound is 
made solely by the mandibles. 

The thorax is composed of three quite distinct 
segments which admit of a certain amount of 
movement. In many species the hind margin of 
the pronotum carries a row of stout spines forming 
the pronotal comb. The terga are simple, broad, 
ardied plates and the metathorax is characterized 
by its greatly developed epimera which overlie the 
base of the abdomen. The legs are adapted for 
clinging and leaping with large flattened coxae, 
short stout femora amd elongate 5-jointed tarsi. 

The dbdomm is composed of 10 segments, the 
first of which has the sternum wanting, and the 
last three segments are modified for sexuad pur- 
poses. The ninth segment in the male is of a complex nature. Its tergum 
bears a dorsal sensory plate or pygidium and the sides of the former region 
are modified to form aiccessory copulatory organs or daspers.^ The ninth 
sternum is represented by a pair of boomerang-shaped sclerites each of 
which consists of am intemail verticad amd a ventral horizontal arm, the 
latter projecting beyond the eighth sternum. The penis is an organ with 
complex chitinous parts projecting between the clasping organs and the 
ninth sternum. The tenth segment is greatly reduced and repre^ted by 
two smadl plates, one above and the other ^low the anus. In the finale 
the terminal segm^ts are less modified tham in the male. The ninth tergum 
similarly cauries a dorsal sensory plate while the sternum of that segmmt 
forms the ventral wall of the vaginal cavity. The tenth tergum consists 
of a plate bearing a conical setiferous process known as the stylet and 
the corresponding sternum is represented by a small ventral plate. 

I&temal iyiatomy. — ^What may be regarded as the mouth is situate 
at the base of the epipharynx and forms the definitive openmg iirto the 
alimet^ary canal. The first region of the latter is the pharynx which la w ^ 



Fig. 024. — ^Diagram of 
THR Mouth-parts of a 
Flea. 

h, head ; It, lAbrum-epi- 
pharynx, Ipt labial palp; m, 
mandible; mu maxula; mp 
maxillary palp. 



^ AmA3^P7ERA 

Obligate duunbor ^th stitxogiy chiiiztiJsed doxsal and vea^ In 

vjrtne oi its iiKstwcxM dUator muscles tbe pharynx functions as a pumi^ 
organ lor imhibii^ blood from the host. It is followed by a kmg ossopbagus 
of very small calibre, which leads into a somewhat conical organ termed 
the {sroveotriculus. The inner walls of the latter are beset with a series of 
long badcwardly directed chitinous rods. The function of this arrangement 
appears to be to prevent the regurgitation of the stomach contents when 
the pharynx is dilated in the act of sucking. The stomach, when fc^y 
distoided, occupies a large part of the abdominal cavity and, near its junc- 
tion with the hind intestine, are found the insertions of the four Malpighian 
tubes. Near the termination of the hind intestine there are six rectal 
papillse resemldi:^ those found among Diptera. The salivary glands consist 
of a pair of ovoid sacs on either side : their ducts eventu^y combini^ to 
> form a cmnmcm canal which eaters the salivary pump beneath the h3|po- 
pharynx. The nervous system ^ is exceptiondly primitive in that 
vmtral nerve cord consists of three thoracic and seven abdominal gang^ 
these centres are very much approximated owmg to the great reduction! in 
length of the intervening connectives. The male reproductive ot^ans con 4 !>t 
of a pair of fusiform testes whose contents pass down extremely fine vaisa 
deferentia : the latter unite to form a single passage opening into a small 
vesicula seminalis. The ejaculatory duct is associated with a copulatorj^ 
organ of complex structure. The female reproductive organs are composed 
of a pair of ovaries, each formed of from four to eight panoistic ovarioles. 
Attached to the vagina there is a strongly chitinized spermatheca whose 
shape and size differ among various species. The respiratory system is well 
developed and communicates with the exterior by ten pairs of spiracles 
two pairs of the latter are located on the thorax, the remainder bemg 
abdominal in position. 

Biology and Metamorphosis (Fig. 623). — ^The eggs of these insects 
are ovoid and white or cream in colour : unlike those of many ectoparasites 
they are not glued to the hair or feathers of the host. \i^cn deposited 
on the body of the latter they readily fall off and arc normally found in the 
haunts or sleeping-places of the animal parasitized. In houses fleas bleed 
in the cracks of floors, under matting or beneath carpets and almost always 
in uncleanly dwelling. Rat fleas often breed in granaries, bams, etc, 
fMUrtkrdazly in those where there is an accumulation of floor litter. The 
dried excrmtent, feathers, straw, etc., which accumulate in chicken houses 
also afford a favourable environment. The incubation period varies on an 
avmage from three to ten days, according to temperature, and the young 
larva ruptures the chorion by the aid of a hatchmg-spine on the dors^ side 
of the head. The larva (vide Barot and Ridewo^, 1914: Sikes, 1930) 
are active, whitish, vermiform objects usually measuring about 4 mm. in 
length when fully grown. They are non-parasitic and feed upon particles 
ot organic matter found in the host's lair, or among the dust and diH which 
dsllects on the ground in the vicinity. In some spedes, however, 
wh^ has passed through the body of adult fleas appears to be a necessary 
part ul tbe^ nutriment. Larval A^mamptera poe^s a wdl devdoped bead 
W am devoid of both eyes and 1^ ; in their general charaders they 
the larvae of certain Nematocera. The antennae are 
^ iniber prominent, the man^Ues are voy definite^ toothed and the 
a cudons farush-lUEe form with small a-joisted pol^t each 

- fVfnii-iiftiilTOi frf H'tff T aaul ***** la the uaide. 



cussmcATioiir akd uteratube 6^ 

UHal T^p Is composed of s sh<tft lisssl |o|at svmoatAvA by «to«t iefcis> 
The txiuuc consists of thine thoracic and tfsn abdominal sonutes, each oi 
whkh is annsd with a band of outstanding' Inristlea Sj^bacles are presmit 
on the thorax and first eight abdominal segmwta. After mxdergomg two 
ecdyses, the larva spins a cocoon which is concealed by the fine particles 
of dfitnis adherent to its outer surface. The adults remain (Quiescent for 
a variable period before emerging from the cocoons, and they ctften issue ha 
large numbers in response to slight mechanical stimuli. The vibrations 
set u|> by persons walking about a disused •room, for example, have been 
ei^l^ed as being the cause of the emergence of an abundance of fleas 
within a very ^ort time. Whw newly emarged, the adults can remain 
alive for a considerable period without food, but they take the first oppor- 
tumty of reaching their particular host. As a gpieral rule the female needs 
to imbibe the blood of the normal host before oecoming capable of laying 
fertile eggs. 

The period occupied by the comifiete developmental cycle varies in 
different species and in different countnes. Thus Pulex trriians in Europe 
requires from 4 to 6 weeks while XenopsyUa cheopis in India passes through 
a complete generation in about 3 weeks : on the Pacific coast the Ufe-cy^ 
of the latter species occupies, according to Mitzmain, 9 to xx weeks. 

Glassiflcation. — ^The order may be divided into three weH-Klefined 
families as follows : — 

1 . Thorax shorter than ist abdominal segment, mid*dorsally ; 
metathoradc epimera extending well beyond ist ab> 
dominal segment ; maxillary palpi longer than fore 
coxae : mature female with greatly dilated abdomen 
amd hvmg beneath skin of host. Dermaiophilus DSRMATomiuoa 
{Tunga), Echtdnophaga (Sarcopsyllidae) 

a. Thorax longer than ist abdondnal segment, mid-dorsally ; 
metathoradc epimera not extending beyond ist ab> 
dominal segment ; maucillary palpi mostly shorter than 
fore coxae ; speaes roaming freely over hosts. 

Mi^.vUlae clubbed or subquadrangulau: ; speaes found on 
bats. Ctratopsylla. cbratopsvixidx. 

4 . Maxillae triangular with apices acute , species not found on 

bats. Ptuex, Ctenocephalus, XenopsyUa, etc. FOuciDS. 
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ADDENDA 

t 

P. 74. Tarsal gustatory sense <—S«nsiUa!, that are presumably tarsal chemore- 
ceptors, are described by Eltnngham m Lepidoptera {Trans. Roy. Etii. Soc. 81, 1Q33) 

P. 125. Blood Gills,— Recent experimental observations by Thorpe {V‘ Cong 
Internat. Ent. Paris, 1933) lead to the conclusion that these organs perform no signifi- 
cant part in respiration. 

, P. 176. Embryonic envelopes — In the Braconid Dinocampus (PerUitus) 

D. J. Jackson {Proe Zool. Soc. 1928, p. 617) has shown that when the larva isiues 
from the egg the trophamnion ceUs b^ome dispersed in the hscmocoele of the host 
They assume a globular iorm, markedly increase in size through the absorption hf 
fatty material, and form the principal food of the larva in its later instars. If % 
parasite happens to die the trophamnion cells continue to grow and may attain an 
abnormally large size. 

P. 251. Phase Theory.— In Fig. 259 the tarsi should be represented with three 
‘ joints. 

P. 409, Mecoptera.— According to Mercier (1915) the salivary glands of Panorpa 
attain much greater development in the male than in the female. This feature is 
correlated wi^ the secretion, in the male, of a globule of saliva. The latter is dis- 
charged on the ground and, while it is being imbibed by the female, pairing takes place 

P. 434. Scales of Lepidopt^a. — ^For the development of these structures, see also 
Reichelt {Zeiis. f. Morph, u. Ohol. 3, 1925). 

P, 548. Hymonoptera. — In Fig. 524 the maxillary palpus is six-jointed, a joint 
having been omitted. 

P. 573. Braconids. — For a list of the British species of the family, see Lyle 
(Trans. Roy. Ent. Soc., 1033). 

P. 607. Andrenids. — ^The researches of Stockhert (Konowia, 2, 1923) show that 
certain species of Halictus are truly social. Thus, H. malackurus has a sterile worker 
caste of smaller sire than the parent and difierently sculptured. Individuals of this 
type have been referred by taxonomists to a separate species, H. longwlus ; tliey 
provision the nest and die at the end of the season. Fertile females of the mdachums 
type appear in August and over-winter, foundmg new nests in spring. The males <iro 
of the tndachurus type also ; they eagerly pair with the young females of their own 
type and not with the longulus femrdes. 

P. 639, Nematoccra, Fam Nymphomyiidse. — ^In Annoiaitones Zoologica Japo- 
nenses (13, pp. 559 -66, pi. 34, 1932), Tokunaga describes a new genus and species of 
Diptera based upon six examples taken along a torrential stream in Kyoto. This 
new type (Nympkomyia alba) has been submitted to English and American specialists 
and tiiere seems no question that it represents a hitherto unknown family to whirh 
the name Nymphomyudse is given. The head is prognathous, there are no trophi 
and the compound e^ are contiguous vcntrally : the antennae are 5-jomted and ot 
the brachyoerous type. The abdomen is extremely elongated and g-se^ented while 
there are no spiracles on either the thorax or the abdomen, The legs are characterized 
by the extremely elongated coxae and trochanters. The wings are longer than the 
uwle body and are Mnged with long setae very much as in the Thysanoptera, with 
tin venatkm very much reduced : the halteres are also very long. In its general 
ehaiacters this remarkable creature seems to bear a remote likeness to the Psychodidoi 

Cecidomyiidae. It is evidently a member of the Nematocera, although the aateim<r 
are totaUy dmerent from the prevailing type among that group. The author laomises 
more detailed studies that are to be publ&hed in the Memotn of the Kyoto Imperial 
Oaivtrotfy. 

P, 634. Leptidae.— For a most interesting account of tiie structure and biology 
of Vmmm, and a comparison with similar behaviour in larvae of the Mytmetoonids. 
nia tdw borfit by Wheeler entitled " Demons of the Dust '* (London : 1931). 

P 634. Pantoptbalmidae.— For a detailed study of the larval and adult structure 

see Tbeapa (Tram. Roy, Ent, Soc. 8a, 193^. 
d94 
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Viallanes, H , 23, 62, 70 

Visreck, H L , 614 

Vignon, P , X09, 113 

Vogel, R,, 75, 94. 96. 98. JC05, 47^». 5i« 
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Gen^c are in iWics ; alternative names and synonyms ate indicated thns • 

Numerals in heavier type denote illustrations. ^ * 


Abdomen, 46 ; literature on. 50 ; ap- 
pendages, 178 ; ganglia. 64; glands. 
151 ; muscles. 56 
Abraxas, venation. 468 
Acalypteras, 667 
Acanthaspis, 368 
Acanlhiidss.''’ 369 

Acantbomeridae.* see Pantopthalmidas 

Acanthopsyche, 456 

Acanthoscelides, 523 

Acanihosoma , 364 

Acantkotermes, 291 

accessory glands. 156 

accessory pulsatory organs. 134, 135 

Acentfopus, 453 

Acerentomidse, 226 

Acerentomon, 223 . 226 

Acerentulus, 224 , 226 

Acherontia, 469; digestive system* 426 ; 

glands. 150 
Achoruies, 227. 232 
Acidalia, 421 
Acidia, 669 

Acilius, larval ocelli. 83 
ActpHHa, X49 
acone eyes. 82 
Acraa, 463 
Atfida, sensillsp. 72 
Acridiidae. 242. 247 
Acrocera, 656 
Acroceridae.* 656 
acron, 177 
Airofiycta, 425 
Acfotelsa, 221 
Actahtes, 23X. 232 
Attora, 672 
Aculeata, 564, 563 
aculei. 8, 9, 450 
Adcdia, 508 
Adsla, 450 

Adelm, 380. 383. 384 
Addidas, 447 . 450 
Adephaga. 494 
adfrontal sclerites. 421. 422 
Adimeridse, 507 
Adopaa, 149 
ledeagus, 49. 156 
Aides, 643 

447 

A^igiaUtidae, 5x9 
Aigocem, 472 
fmctopsckys, 367 
%ophilidto, 367 
A^pophUuSf 367 
air sacs. 124 

199 , 338; peritrophio membrane, 
xio ; ovipositor, S 31 ; rectal txaehcae, 


iEschnidas. 338 
Afrodettus, 368 
Agaonella, 576 
Agaonidas. 576 
Aganstidae. 101. 472 
Agathidium, 503 
Agdistis, 454 
Agenia, 601 

Ageniaspis, 164, 165 . 578 
Aglossa, 453 
Aglycyderes, 531 

Agnatha,* 212 ; see Ephemeropteri 
Agnlus, 515 
Agrton, 327 . 333. 339 
Agriomdap. 339 
Agrtoies, larva, 517 
Agrtotypus, 572 
Agromyza, 670 
Agromyzidie, 668, 670 
Agrotis, 421. 4 . 33 . 473 
air-sacs. 123 , 487, 63X 
Alaptus, 579 
alary muscles. 132, 134 
alder flies. 394 
Aleochara, 502 
473 

A^eyrodes, 379 ; see also AsterocHitoa 
Aley9S>dida (Aleurodidae *). 378 
ahenicolse. 381 

alimentary canal, see digestive system 

Allobosca, 680 

Allophora, 677 

Allotriidffi,* 581 

alternation of generations. 163 

Alucitidae,* 450 

alula. 626 

alveolus. 9 

Alydus, 347 

Alysia, 573 

Amata, 496 

Amatidie.* 471 

Amauns, 435. 462 

amazon ants. 594 

Arnblycera. 310 

ambrosia beetles. 530 

Ametabola, 188 

AmetropodidsB, 325 

Ammobia,* see Chhrion 

Ammophila, 603 

amnion. 173 

amoebocytes. 135 

Amphiops, 47b 

amphipneustic system, 126 

Amphitheridas. 450 

Aw^hizoa, 497 

Amphizoidae. 497 

AmpuUXt 603 

Ampttlicidas. 603 

703 
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4ti : 41f 

AMotmiK, 

Sit 

wsm mm, sr, 99 

AH§phi$i 599 * 

AnupMim^ jSfiat 
Ai^kMipis, 340 
h$immwo^r M 
Antim, 4914 . 

4 mum.$St, 395 
Amuipiit 5^ 

AmmUmia, 672 

^# 4 ur» 333 • Bymph, 335 

An^tsirmti, »ioutn parts, 3 W 

Aniim 0 t 607 ; stylopisation^ 541 • 

AndMtte, 606, 007 

Andnoua,^ 38Z 

androooiiia. 148, 435 

Atieraabaae, 453 

Anerfoks, 594 

Anggranta, stndulatioa, zoi 

Mgles of wings, 32 

angoumois gmn moth, 448 

AnMabts, «54, 257 

Asusoptnra, 328 , 338 

Amsoptgryif, 422 467 

Amgotomag 503 

Amaoa^f^gc^itera, 339 
Anobndis, 5x4 

Anoinum, 514 , sound production, 99 # 5^4 

AnomaUm, 572 

AnomgAopuiy** 

Anmuma, 590 
Anopkgl^ 64X, 443 
AnopMtrmgs, 277, 286 29X 
Anoplnra, 306, spiracles, 116 ; see also 
Srphttncnlata 
Ancpmahmu, 486, 497 
anttraypeos, 15 
axtHs^xal piece, 30 
antennss, 17 

itttetuiarv (antennal) lobes, 63 ; aciezites, I4r 
17 

AnUmophoms, 594 
utteHor aotal process, 33 
Aaltma, 439 
AxKthvndts, 522 
AnAhcust 522 
Afg^tim, 455 
AxtCbpootidfle, 452 , 369 
AnsAomU, 3^ 
anthbcsrantn, xo 

673 

Amhmmms, 158 , 329 
AnAs^tero, 52X, 5^, 609 
AnKhophoraw,’^ 378 
Ajnthophbnda^ 606, 609 
j66o 
349 
5^7 

473 

IMA 

tpt, « 7 > 339 , aj |9 : eye. 79 

" — ,«j»a / 



AiwtidK.* 314 
Apm^tr^g 468 

Ap 3 baxU^^d»ra, 488 ; eaitemal anatomy, 690 
internal anatomy, 691; biology, 6^ 
das 8 i 4 cation, 693 ; Uterature, 493 
AplumoggpMugg 504 
Aphdtnus, 545a 55z, 578 
ApMtfchm^, 370 
ApMttpus, x 47 . 397 
^htdidM, 338. 379 
AphAtug, 573 
aj^ds, fecundity, 346 
Aphtlimthopg, 605 
Aphis, hfe-cycle, 353 
Aphodtus, 535 

Aphropharu, 374, 604 ; ocellus, 77 

Aphrosylus, 662 

Aphycus, 578 

Apide, ^6, 6x0 

Apiocendae, 652, 657 

Aptomorpha, 388 

Apton, 5^9 

Apts, biology, 610 , comb, 612 ; dig^bvc 
system, 557 , gemtal organs, 9fi0 , 
mouth-parts 549 , salivary gla^s, 
558 , sensilUp, 74 , social life, 543 , sting, 
555 , thorax, 549 , 550 , see also bee 
apneustic respiratory system, xao 
Apocnta 564 569 
apodemes, 32 
Apoderus, 528 
apodous larvae, X93 
Apoidea, 605 
Apontoptera *2x2 
apophyses, 5j 
appendages, 14 
Apptas, 465 

apple blossom weevil, 529 
apple sucker, 377 
apposition image, 87 
Aptera,* 212 
ApUftcola, 308 
Apterobittacus, 407, 410 
Apierona, 456 
Apterygtda, 257 
Apteiygogenea ♦ 211 
Apterygota, 213, 215, 221 
aquatic insects, 124 
Arachmda, 2 
Aradidae, 366 
Aradus, 366 
Araschma, 463 
Arbehdas,* 456 
archedici^n, 41 
Afchtpsocus, 299 

Afchotermapsts, 266 , 291 ; digestive system 
270 , gaUenes, 279 , genital gstcm, 
272 ; mottth-parts, 245 , wings, 269 
Arcita, 471 ; glandular aetag, 145 , ecoyw^ 
*95 

Axctiidae, 47X 
arculus, 330 
Args^ 568 
argentine, ant, 595 
Afgynms, 463 
Argyra, 662 

Afi^asmsha^ 659 

wt 

Ammtu, Mt 
ajy 

AnwfflvWA *98 
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«HW¥rw«tt, 4 tS 

31 

AfihfMps, 504 

ArttiroiAe^> 23ft 

Arthro^oda, 1 ; ifteratoro on, 6 

articular aclentes. 33, 34 

Aacalaphidaa^ 404 

AsctUaphus, 404 

Aschiut, 663 

AscodipteroH, 68x 

Atihd4s, 632, 658 

Astltis, foot, 32 

aa|>aragus beetle, 524 

Aspicermfie, 582 

Aspidtoius, 386 

Asptdtphorus, 513 

assembling, 76 

asdociation centres, yi 

Asierochtton, 379 ; see also Alevfodt$ 

Astomella, 656 
Atelura, 593 
Atefneles, 50 x 
AihMx, 654 
Athims, 517 
Atomarta, 507 
Atraciooefus, 513 
atrmm, X15 
Atfopos, see Clothilla 
AUacus, 5. 425. 459 
AUaphtla, 593 
AtUlabtM, 528 
Attini, 591 

Auchenorbyncha. 362, 37a 
Auiheromyta, 676 

auditory organs, 89 ; see also tympanal 
organs 

itUactdea, 580 

Auiacus, 571 

auricles, ^1 

auricular valve, 133 

Ausirogomphus, rectum of nymph, 336 

AuUfopefla, 263 

Ausifophlebia» 326 

Axelsoma, 228 

axillary cord, 33, 34 

axillary sclerites, 33 

Baccha, 665 
Bactllus, 246 
13 a*tidab, 324 
liAtiscito, 323 
Bagou$, 528 
bag-vrorm moths, 455 
Balantnus, 528 
bark beetles. 5^9 
basalar sc]eritee» 34 
basement tnembiane, 8, 82 
bat parasite^, 681 
bean weevil, see Bruchus 
bed-bug. 368 
bedeguar, SBjt 

bee, 6f X ; elr^sacs, 123 ; sensillae, 72, 73, 
75; embryc^gy* 172, 17 b, 183; cm- 
bryoi^ spiracles, X15 » eye, 81 ; muscles, 
54# 58 ; peritrcpbic membrane, no, 
viskm, 89 ; wan glands, 147 ; see also 
Apti 

bee loose^ see Brmia ; bee flies, 660 

be^.4W 

bahaviottt, Me aaauMotiPUM 

&>t 
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jtfMommn, 370 
B^ostomatidSB^ 370 
Belyta, 583 
Belytidii», 583 
Bembecidde, 602, 603 
695 

Bmgaha, 632 
Berlese's organ, 360 
Btrosus, X25, 

Btroiha, 400 
Berothidse, 400 
Berytidae, 365 
Bethyhdae, 596, 597 
Bextta, 645 

Btho, 649 ; antenna, 618 , eye, 80 ; <»tarval 
mouth-parts, 633 ; metamorphosis, 649; 
wing, 648 
Bibiomdde, 639, 648 
biforous spiracles, 117, 118 
Btorrhtza, 581 
biramoub limbs, 14 
bird hce, 306 
Btston, 467 
biting house-fly, 674 
biting hce, 306 
Bittacidse, 410 
Bittacus, 406, 410 

black termite, 285 , black fly, see Stwultum 
Blaps, 519 
Blastoba^ts, 448 
blastoderm, 171 
blastokjnesis, 174 
Bla^tophaga, 574, 577 
Blastothnx, 574, 575, *>78 
Blatfa, 236 , head, 15 , mouth-parts, 19 , 
leg, 31 ; ootheca, 241 , respiratory 
movements, 127 , tentorium, 51 ; 

thorax, 28 , abdomen, 46 
Blattella, 243 

Blattidae. 243 , digestive system. 238 ; 

glands, 238 , hypoccrebral ganglion, 65 
Blennocampa, 567 
677 

BnP[arocerid2&, 639 650 

346, 365 , digestive system. 356 
blister beetles, 520 
Bhtophuga, 503 
Blochmann's corpuscles, 170 
blood, 134, 136 
blood-giUs, I2<), 694 
blood worms, 645 

blow fly, 676 ; see also £ uctlta, Ctdhph&rn 
body cavity, 132, 184 
body-louse, 311 
body wall, 7, 184 

Bohtophila, 104, 047 , luminosity, 648 
boll-worm, 448. 47^» 473 
bombardier beetles, 497 
Bombay locust, 248 
Bombidae, 606, 609 
Bombus, 609 
BombyciddB, 460 
Bombycoidea, 457 
Bombyhidai, 652, 660 
Bombyltus, 660 , antenna. 618 
Bomliyx, 460. 428, 438, 442 , head, etc., of 
larva, 422; exuvial glands, 148; silk 
gland, 151 , chonon, x6i ; see also silk- 
worm 

bookhce, 2991 30 X 
Borbondae, 668, 67a 
Boreidae, 4x0 
Boreus, 408, 4*® 
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Bo«rfckichida. 5x4 
bot 678 
B(3ihfid$rs9 , 507 * 

BoiySt venation, 458 
BoufleOella, 247 , 433 
Brachetytra,^ 501 
Bfachinm» 497 
Brachycera, 638, 651 
Brachytarsus, 537 
Brachyivon, nymph, 334 
Brachytrypes, 249 
Braconidse, 572 . 694 
Brahmaeidae. 460 

brain. 62 ; functions of, 68 ; literature on. 

^ ; volume of, 67 
branchiae, 14. 124 ; sec also gills 
Brassolinae. 463 
Brauhs 679, 682 
Braulidae, 683 
Brenthidae, 527 
Brenthis, 463 
Brephos, 468 
bristles, 9 
bristle-tails. 215 
bromatia, 591 
brown-tail moth, 473 
Bruchidae. 523 
Bnichophagus, 577 
Bruchus, 523 
Bryophila, 472 
bubonic plague. 688 
buflado-gnats, 649 
bull-dog ants, 589 
bumble bees. 609 
Bupalis, gynandromorphtsm. 154 
Buprestidae, 515 
bumet moths. 457 
bursa copulatrix, 161 
burying beetles. 502 
butterflies. 461 
Byrrhidae, 510 
Byrrhus, 510 
Bythoscopus, 376 
Byturidae. 505 
Bytufus, 506 

Cacacia, 451 
caddis flies. 411 
Caenidse, 324 
Cemis, 320 

Calabar swellings, 655 
Calandfa, 529 

calcium cau’bonate in Malpighian tubes. 142. 
536 

Calicurgus, 601 
CeUigo, 463 

Califoa, 567, 568 ; urate cells fat-body, 

144 

CalliduUdae. 461 
ColUephttates, 571 
CaUim0fpha, 471 
Callimytct, 664 

epiphora, 676; digestive system. 109 ; 
imaginal buds. 204 ; larval spiracles. 
119 ; male genital organs. 156 ; Mal- 
pighian tubes. 140 ; phagocytosis. 206 ; 
proboscis. 621 ; sound production, X03 ; 
wing. 673 
Calliphorimn. 676 
5x2 

Cd/laiaiaia* 60d3rse6. 425 

246 ; brain. 62 ; tympanal organ. 


Calopterygidae. 338 

Calopteryx, 339 ; genitalia. 331 ; germ band. 
175; mask. 335; nymph. 334; thorax. 
329 

Calosoma, 496 

Calotertnes, 265, 273, 291 ; nymph, 44 
Calotermitidae. 291 
Calypteras. 667, 672 
calyptron, 626 
Camnula, 248 
campaniform sensillse, 96 
Campodea, 23. 221 ; afllnities. 3 ; tracheal 
system. 121 ; styli, 47 
Campodeidas. 221 
campodeiform larvae. 192 
Campsurus, 318 
canker worms. 468 
CantharidcP, 512, 520 
cantharidin, 521 
Canlharis, 513 

Capnia, 29, 259, 263 ; thorax. 259 
Capmidae. 263 
caprication, 576 

Caprttermes, 270, 291 ‘ 

Capsidac. 189 , 369 ; hemelytron, 353 
Corabidae, 21 , 490 , 496 
CarabuSt 497 ; integument, 7 ; digestive 
system, 485 

Carattsius, 23, 177, 180, 245 
Carrellta, 678 
Carcinoc oris, 367 
carder bees, 01)9 
cardiac valve. xo8, 110 
cardinal beetles. 521 
cardioblasts, 18 r. 183 
Cardtophorus, 517 
cardo. 19 , 21 
carotin, 10 

carpenter bees, 608 ; carpenter moths, 446 

Carpophilus, 500 

Carposmidae, 451 

carrot fly, 672 

Cartodere, 507 

caryolytes, 209 

Cassida, ii 

Cassidinae, 525 

Castma, 457 

Castniidae, 457 

castration. 167 ; parasitic do.. 287 
Cataclysta, 454 

caterpillar, see polypod larvae 
Catharsius, 535 

CatoccUa, 425 ; Calocalinae. 472 

Catoprochotidae, 507 

Catops, 503 

Cati^sila, 465 

Catoxantha, 515 

caudate larva. 563 

Cebrio, 517 

Cecidomyidae, 639. 645 ; paedogenesis, 164 

celery fly, 669 

cells of wing, 41 

cellulose digestion, 1 12 

Celyphidae, 667, 672 

cenchri, 567 

Cmoloha, 452 

CenUieft bH 

central body, 63 

CentroHis, S 75 

cephalic arteries, X34 

cephalo-pharyng^, skeleton, 634 

CephahArips, moutix^parts. 342 

C^hida), 5 ^ ; CfpJms, 566 
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Cerambycide* 90, S2S 
Corapbnoiudae, 583, 584 
609 

Ceratiiudse 606, 609 

CerattHs, 669 

Ceratocftmpidae, 458, 460 

CeratocQmbidae, 364, 368 

Csratophyllus, 689 

Ceratopogon, eye spot, 79 

Cerat<^goninae, 645 

Ceratopsylla, 693 . Ceratopsyllito, 693 

CeraUipterus, 499 

Cercerts, 604 

corci, 47, 178 

Cercopidse, 348 , 357. 374 

Cercyon» 511 

Cerepachyinse, 590 

Cmsa, 375 

Cma, 665 

Cerophytinss, 517 

Ceroplas( 4 s, 389 

Ceroplatus, 647, 648 

cerumen, 613 

Cefura, 471 

cervical sclentes 24 , 28 
cervicum, 3 , 14, 24 
Cetonia, 533 
Ceuiharrhynchus, 529 
chaetotaxy, 9, 624 
chafers, 533 
Ckattophorus, 381 
Chalafus, 167 
Chalastogastra,* 564 
Chalcididae, 577 

Chalcidoidea, 551 , 573 *, antenna, 17 , poly- 
embryony, 164 
Chalets, 577 , embryo, 563 
Chalcosiinse, 457 
Chaltcodama, 608 

Chaobofus, 642 , chordotonal organs, 91 , 
hydrostatic organs, 124 , Johnston's 
organ, 95 
Charaas, 421, 473 
Charagta, 445 , wing, 436 
Charaxes, 463 
Chanpidas, 581 
Chartps, 582 
Chauliodes, 395 
Chetmalobta, 467 
Chetrochela, 370 
Chekisochidae, 259 
chemotropism, 75 
Chenmum, 502 
Cherm^s,* see Adelges 
Chermidae,* 377 
Chtasognathus, 479 
chigoe, 689 
Chth, 453 
Chilocarus, 508 
Chilopoda, 2, 3 
Ckthsta, 665 
chinch bug, 346 
Chtonaspts, 387 
Chionaa, 639 
CktroneUs, 323 
Chixouomidas, 639< 644 
CkifonofOus, 644 , blood gills, 124 ; em- 
bramic envelopes, 180 ; imaginal buds, 
20 e ; nervous system, 66, 67 
Chtrcfthnps, 343 
chitin^ 8 
chitosaa, 8 
Chlidani^dss, 451 
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Chlmon, 319. eye, 80; gills, 124 ; 

oceUus, 78 
Chlofton, 553 
chlorophyll, 10 
Chloropid^,* 671 
Chloro^sca, 671 
Chlorops, 671 ; wing 667 
chordontonal organs, 89 
Choreuhs, 450 
chonon, 161 
Chonsta, 4x0 

Chortophila, 675 , imagmal buds, 202 

chryssJis, 196 

Chrysauginae, 453 

Chr^ididse, 595, 598 

Chrysmdta, 468 

Chtysts, 598 

Chrysobolhns, 513 

Chrysocorts, 364 

Ckrysomela, 524 

Chrysomehdde, 523 , larva, 491 

Chrysomyta 676 

Chrysopa, venation 401 , larva 402 
Chrysopidae 400 
Chrysopolomidae, 456 
Chrysops, 655 , mouth-parts 620 
cicada, 353 , 373 , sound producing organ, 
102 , leg, 30 
Cicadellida;.''' 375 
Ctcadetla, 373 

Cicadidae, 373 , tympanal organs, 94 , 
Cicadoidea, 373 
Ctctndela, 481 , 496 
Cicindehda;, 496 
Ctdana, sound production, lox 
Ctlex, 467 
Ctmbex, 568 
Cimbicidae, 568 

Ctmex, 368 , genital organs, 359 , organ of 
Berlese 360 
Cimicidae 368 
Cioidae, 515 
CMjlis, 52s 

circulatory system, 132 
circumfili 646 647 
circumgenital glands 387 
Cts, 5x5 , Cissidae,* 515 
Cistela, 520 
Cistelidae, 519 
Cttharias, 463 
Citheromdae,* 460 
claspers, 49 

classification, 21 x ; of Bomer, 212: of 
Brauer, 2ii , of Handlirsch, 213; of 
Sharp, 2X2 , of Shipley, 212 , hterature 
on, 214 , system adopted, 213 
Clavicornia, 505 
Clavtger 502 
clavola,* 18 
clavus, 352 
claws, 31 
clear wings, 447 
cleavage, 172 
clegs, 655 

Cleonymidae, 576, 579 
Clepies, 598 
Clendae, 313 
click b^tles 516 
Chmacta, 399 
Clistogastra,* 564 
Clmna, 496 
clothes moths, 450 
Clolhtila, 304 
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cldfOiiiig luin, 9 
Ck^ma, 396, 398 
diib, 17 , 18 
Cltmo, 645 
cluifttar dy, 676 
clyp 6 a 9, 18 

Clyikra, 534, 593 J embryology, 171 
ayfits, ps 
CnaphaiMes, 383 
Cnemdoius, 408 
Cn0tk>pamf^,* 474 
ooanstate pupa 197 
CoccuiaB, 355, 385 
Co^tdoirophus, 506 
CocatMa, 508, 509 
CoccioAUidsB, 50S 
C(H^, 387 , 388 
ooduneal, 389 
• CochUdicte, 45O 
Coc^tdton, 456 
cockchafer, 534 
codaoach, 243 

cocooa, 428 , cocoon cutter, 430 

Cocvttfis, 469 

cooling moth, 451 

coecum, 486 

Ccfliodes, 529 

Cofltoxys, 608 

eoeloeomc seasih^, 72 . 73, 74 
ccelom, coelom sacs, 180, 181 
Canomyta, 654 
Coleophcra, 449 
Cdeophondse, 449 

Cdeopteza, 477: classification, 494; ex* 
temal anatomy, 478 , germ band, 177 , 
internal anatomy, 485: larval ocelb, 
79; literature, 535, myrmecophilous 
forms, 593; sound production, 100, 
tenmtc^lulous forms, 286 
Cofias, 465 

OoUembola, 227; classification, 232; ex- 
ternal anatomy, 227 ; growth, 231 ;^in- 
teraal anatomy, 230 , hterature, 
colletenal glands, 160 
CoUeiM, 606 
CoUehdse, 606, 607 
Cdlyns, 496 
cokm, XII 

Colonuio beetle, 524 
coloration, xo 
colour vision, 89 
Ccfiyditda;, 507 
combination colours, it 
commissures, 61 ; of brain, 63 
compass termite, 280 
complete metamorphosis, igo 
compound eyes, 79, 85 

677 , chaetotaxy, 624 
concave veins, 39 
ooaohnela, 365 
Capohylidse,* ^i 
Censftylfs, see fhalonia 

condyle, 19 

tkmfp fioor maggot, 67^ 

Ipomopterygidas^ 393^ w 
COICMTOVes, fit 

W: ovipodtor, 48; wing 
traetontinn. 37 
‘to. 667, 668 
,«68 
*.*367 

^645; Uim ,448 

jppywp jiif 


ContmfyMia, 405 
Copeognathk,^ 301 
C^dosomn, 165, 578 
Co^m, 366 
Cd^s, 535 
Copromorphidas, 450 
CopioUmes, 278 , 291 
CoroHus, 354 
corbicula, 606 

Cordulegastw, 326 . 338 ; mouth-parts, 329 , 

gemtalia, 331 
Cordyiobta, 675 
CordyluridBp, 667, 672 

Coreidcc, 365 , wings, 352 ; cbemotropism in, 

70 

Coretbra,* see Chaoboms 

conum, 352 

Cortxa, 372 

Corixidae, 354, 371 

cornea, 77, 81 , comeagen, 78, 8x 

cornicles, 380 

Corotoca, 501 

corpora aUata, 137 

Corydaits, 394 

CorylophiddP, 504 

Colmeies t 513 

Corynoneura, 645 

Cosilidae, 596 

Cosmopterygidae, 448 

Co^mopteryx, 448 

Cossids, 446 , venation. 437 

Cossoidea, 446 

Cossust 427, 446 

costa, 37 , 39 

Cothonaspi^, 582 

cotton boll weevil, 529 ; boUworm, 448, 47a, 

473 , Stainers, 346 , 366 
coxa, 30 
coxite, 47 
coxosternum, 47 
crab louse, 312 
Cfofcro, 605 
Crabromdae, 602, 603 
Crambids, 453 
Crambus, 453 
cranefiies, 639 
cremaster, 430 
cnckets, 249 
Cnocens, 524 
Croc^t 402 
crochets, 423 
Cmtsa, 609 
CrcssuSt 567 
crop, 107, 108 
CrossotarsUs, 527, 531 
cross- veins, 41 


[Crustacea, 2, 3 
Zryptouphalus, 524 
Cryptocerata, 362, 37® 

Cf^tackatumt 670 
Cryptocoocus, 386 
Oryptophagidae, 306 
Cryptophagus, 507 
Cry^tophasta, 448 
CiypotmneSt 279 
srystalhne cone. 81 
CUnocephahs, 690 , 693 
Oienophora, 640 
Cknucha, 471 
CitlnMwis, 267 

BubituSk 37, 39 . 
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Cyi$it, 64X; iiitwm. 17; Uim., 

moML*p 9 Xt», 630 ; attitude, 643 

CuUcidae, 639, 641 
CtUimdes, 644, 645 
cuneus^ 353 
Cuped]d9D, 500 
Cup^s;, 500 

Curcuhonidae. 538 , head, etc . 480 , larva, 
401 , maudiblee, etc , 470 
CuTsona, 24a 
cuticula, 7 

cttticular appendages, 9 , colours, xo , pro- 
cesees, 9 
cut~worms, 473 
Cyathoceridae, 510 
Cyclopodta, 681 
cyclopoid larva, 562, 563 
Cyclorrhapha, 637, 638 662 , larva, 616 , 
head, 617 , ptilmum, 618 
Cyclotoma, 450 
Cyclotonudee, 450 
Cycnodidae,* 449 
Cydia, 427, 447 . 451 
Cyl%ndrot<mia, 640 
Cymatophondse, 467 
Cyxnbidae, 472 
Cympida, 579 
Cympoidea, 579 
Cyntps, 581 

Cyphodefui>, 227, 232, 593 
CyphMS, 528 
CyftacantkacfiSt 248 
Cyrtidae, 632, 656 
cytochrome, 130 


Dicmnae, 506 
Dactyloptus, 389 
Dactylopms, sec Pseudoc occtis 
Dolus, 669 , chemotropism, 76 
Dalcendae, 457 
Danaina*, 463 

Donats, 433 462 , scales, 435 
Daphms, 469 
Dascillidae, 51 x 
DasctHus, 51 X 
DosyheUa, 645 
Dasynoma, 646 , egg, 162 
Dasyphoro, 630 

death’s head moths. 470 , see also Ache- 
^onHa 

death vratch, 514 
di*capitation, effects of 68 
DetUpkilu^ 469 . eye, 89 
Detopto, 471 
Ddphaaw, 376 
Deltouphalus, 376 
deagut, 644 
dentes, 230 
Jhporaus^ 528 
Deprmono, 448 
l >trbid«, 377 

l^nnap^n^ 253 ; classification, 257 , htcia 

tute,tJ8 

DermsMm, 679 
l>ernul»jph^ite, 693 
689* 693 

Bermeefci*^ ^ 

^ ^orodoOrtidss, 507 


l!)<mtexophkbh 639, 650 
deul!oc»nebrtim, 63 « 

deutoplasm,**^ 170 
development, sequence of, 186 
Dexia, 677 
Dtaieurodisi, 379 
diamond b^es, 528 
Damthceeta, 472 
XHapno, 584 * 

Diapnidas, 383, 584 
Dtapuf, 53X 
Diatraa, 453 
dichqptic eyes, 616 

Dicranomyta 640 • 

Dteranoto, 640 
Dtcranura, 471 

digestive system, 106 , physiology, xxi 
specialized t3^es of digestion, 1x2 
metamorphobib, of, 182 , literature, X13 
Dtgonochceta, 677 
Dtlar, 398 
Dilaxidae 398 
Dimera, 305 
Dtnarda, 501 593 
Dtndyntus 366 
Dtnocampus 694 
Dtnoderus, 314 
Diopsidse, 667 672 
Dioptinae, 472 
Dtoxys, 608 
Dtphlebta, 339 
Dtplaiys, 256, 257 
Diplonychus, 370 
Diplopoda, 2, 3 
Piploptera,* 595 
Dtpuudopns 412 

Diptera, 6x6 , air sacs, 631 ; chemotropism 
76 • chaetotaxy, 624 , classification, 637 , 
external anatomy 616 , imagmal buds, 
202 • internal anatomy, 627 , hterature, 
682 , metamorphoses 202, 632 , phago 
^pytosis 205 , vivipanty, 630 , tarsal 
7 |>crception, 75 
direct metamorphobis, 190 
Dissostetra, 23, 24 
Dxtomyta, 647 

Dtumea, wing reduction, 34 
Diversicomia 504 
divided eyes, 80 
Dtxa, 641 
Dixidx 639, 641 
Dtzygotnyza, 670 
Docophorus, 311 
Dolichopodidds 652 66 x 
Doltchopus, 662 
Dolichuru^ 603 
Donacta, 524 , embryo, 181 
Donaooneihis, 29O 
dor beetles, 535 

dorsal diaphragm. 133 . ocelb, 77 , organ 
179 , vessel, 132, 184 
tlorylaner, 588 
DoryhnaD 590 
Dorylus, 547 
Douglasiidae, 449 
dragonflies, 326 
Drapetts, 651 
Drepana, 467 

467 

Drepanostphum, 381 
DrepanuUdse, ^467 
DrUus, 513 
dnver ants. 590 
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drooei 6xt 

Brosophiht 670 ; «cbemotropi$!n, 74, 76 ; 

162 ; iniitatioii, 626 
Droic^Udae, 668, 670 
Dryimdae, 596, 597 
Diyophania, 559 
Dry^hofus, 528 
Dryopidse, 510 
DryopSt 510 ♦ 

DuHchius, 347 
DtUitkola, 512 
dulosis, 594 

dung beetles, see Scaxabaeidae 
DuomUuSt 446 
Dyai'slaw, 195 
Dynastes, 477 
Dynastinae, 533 
Dyschifius, 496 
• Dysdetcus, 346 , 356, 366 
Dytiscida, 498 

JDytiscus, biology, 498 ; digestion, 113 ; 
digestive system, 486 ; labium, 47 ^ ; 
leg. 29 ; ocellus, 79 ; elytral stnicture, 
483 ; respiration, 128 

EariaSt 472 
earwigs, 253 
Ecdyonuridae, 323 
ecd^is, 188, 194, 425 
Ecdyurus, 321 
Echinomyia, 677 
Echinophiriidae, 316 
Echinopthifius, 313, 316 
Echnidophaga, 693 
Echthfodelphax, 598 
Ecitomyia, 663 
EcUon» 590 

edosion, from egg, 188 ; of imago, 198 

ectadenia, 157 

Ectobius, 2^3 

ectoderm. 173 

Ectognatba, 221 

Ectopsocus, 304 ^ 

Ectrephidae, 514 

egg, ; egg-calyx, 160 

eggars, 458 

Elachistidae, 449 

Elasmidas, 579 

£laterid«. 516. 517 

Elenchidae, 542 

Elenchus, 542 

depbantiasis, 644 

ElmUt 511 

elytra, 481, 483 ; elytral nerve, 69 
Ematurga, 440 

Embaphion, moutb-parts, 492 
Efiibia, 293 ; spinmng glands, 294 ; vena- 
tion, 296 ; nymph, 297 
Embiidse, 298 

Embioptera, 293 ; tunnels, 294 ; external 
anatomy, 295 ; internal anatomy, 297 ; 
, development, 297; classibcation, 298; 
literature, 298 
emboUtun, 352 

embryolo^, 170 ; literature on, 186 
emlnyioaic envelopes, 173 ; degeneration of, 
176 

Enmadi»» 5^ 

EnrpidaB, ^52 , 660 
Bmpis, 660, 66t ; antenna, 618 
EttipMea, 376 
ampodiutn* 32 


EfuUlag^, 539 
Encyrtidae, 578 
Encyrhts, 164 , 578 
Endaphis, 645 
end-c^s, 120 
endites, 20 
endocuticula, j 
endoderm, 181 
Endomychidse, 508 
Endomychus, 508 
endopleurites, 53 
Endopterygota. 2x4 
endopterygote development, 38 
endoskeleton, 51 
endostemites, 53 
endotergites. 52 
endothorax, 52 
Endotrichinae, 453 
Endromids, 461 
Endromis, 461 
Ene^terinae, 250 
Enoicyla, 412, 414 
enteric coeca, 110 
Entimus, 11, 528 
Entognatha, 221 
Entomobrya, 230, 232 
Entomobryids, 232 
Eosentomidae, 226 
Eosentomon, 225 , 226 
Eoxenos, 542 
Epacus, 588 
Epeolus, 609 
Epeorus, 322 
KpermeniidaD, 449 
Ephemeta, 319 
Ephemer^idas, 324 
Ephemeridap, 324 

Ephemeroptera, 318 ; external anatomy, 
319 ; internal anatomy, 320 ; ovi- 
position, metamorphosis, 321 ; Utera* 
ture, 325 ; wings, 40, 323 
Ephestia, 453 
Ephippigerinas, 249 
Ephydra, 671 
Ephydridae, 668, 671 
Epicauta, 193 , 521 
Eptcapeia, 468 
epicranial suture, 15 
epicranium, 15 
Epicrypta, 648 
epicuticula, 7 
Epidapus, 647, 648 
^idennis, 7 
Epilachna, 508 
epimeron, 27 
cpineural sinus, 184- 
roinotum,* 47 
Epiophl^, 327 , 339 
raiopticon, 63, 64 
Epipascbiinae, 453 
epipharypc, 19 
Epiplemidae, 469 
raipleura, 481 , 482 
Epiponinae, 545 
mproct, 46 
Eppyropidae, 450 
epiMmum, 27 
mstoma, 6x7 
EpyHs, 597 
EfsNa, 463 
En^t 5 
Efiexms, 5O9 
Erioeepbala,* 444 
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Bfioeoecus, 389 
Bnocranta, 432, 444 
Enosoma, 360, 380 ; wax fflaDcIs, 147 
m silk, 459 
Enstalis, 665, 666 
onmne mol&s, 471 
Erotyhdae, 506 
emcifonn larvae, 192 
Erycinidae,* 464 
erythropsin, 88 
Ethmxa, 449 
EvhUmmat 472 
Evibfychms, 528 
eucephaloub larvae, 633 
Eucharidae, 577 
EuMde, 465 
Euchroma, 516 
Euchfomtat 471 
Euclea, 457 
Eucleidae,* 456 
Eucneminae, 516 
Eucoila, 582 
Eucoilidae, 582 
eucotliform larva, 563 
eucone eye, 82 
Eucosmidae, 447 , 451 
Euglossa, 6^ 

Euglossidae, 609 
Euliphrya, 465 
Eulophidae, 578 
Eumenes, 599 
Eumeninae, 599 
humerust 665 
Eumtcfosoma, 584 
Eunaustoius, 506 
Euparaguur 60 1 
Eupelmus, 578 
Eupholus, 528 
Euplectrus, 578 
LUploea, 462, 463 
Euprortts, 473 
LupUroie, 460 
Eupterotidde, 460 
European corn-borer, 454 
Eurymetopus, 310 , digestive system, 309 
Eurytotna, 577 
Eurytomidae, 577 
Euschetnofit 457, 461, 466 
Eusemta, 472 
eustemum, 28 
Eusthenta, 263 
Eusthenudae, 261 , 263 
huUfims, 291 , head 267 , wings 269 ; 
naaute soldier, 277 , termitanum, 281 ; 
habits, 279 
Euxestat 669 

Evalifo^x, spiracles, 115 

Evanta, 57X 

Evaniidae, 571 

hvetna, 451 

exarate pupa, 196 

excretory organs, 140 

Exukta, 647, 648 

exocone eye, 83 

exocuticula, 7 

Exopterygota, 214 

exopt(»:ygote development, 36 

Exonm, 677 

extemia digestion, 112 

exudation theory, 2.87 

exUvMB, 1S8 

c^xuvial glands, 148 

eyes, 77 ; devdopment of, 83 


face, 6x7 
facets. 79 
facial ridges, 6x7 
fairy flies, .579 
Eannta, 675 

fat body, 143 ; metamorphosis, 209 
fecundity, of Hemiptera, 346, of Isopieta, 
284 

femur, 30 • 

fenestrated membrane, 82 

Femseca, 464 

flg ins&ts, 576 

Ftgttes, 582 

Figitidae, 582 

h liana , 644, 655 

Filippi's glands, 427 

filter chamber, 357 

fire flies, 513, 516 

flagellum, 17, 18 

Flatidse, 376 

flavones, 10 

fleas, 688 

flesh flies, see Sarcophaga 
flexor plate, 31 
flies, 61 b 

flight, 42 , muscles of, 58 
fluted scale 386 
Foenus,* 571 
food lescrvoir, 107 
footmen, 472 
i on tpomyta 645 
fore intestine, 106 
forest fly, 680 

Fofficula, 253 , nervous system, 61 ; phago* 
cjrtic organs, 138 , reproductive organs, 
155 , 158 , forceps, digestive system, 
255 , nymph, 256 
Foificulidap, 257 
r Of mica, 207 , 594 
hornucidae, 583 
I ormicoidea, 565, 585 

fossil insects, venation, 41 ; prothoramc 
processes, 43 
Possores, 595 
free pupa, 196 
frenulum, 35 , 437 
frit fly, 671 
fritiUanes, 463 
ftog hoppers. 374 
irons, 15 

frontal ganglion, 65, 68 ; gland, 151, 271 , 
278 , nerve, 65 , suture, 6x7 ; tnangle, 
617 

Etdomyta, 672 
tulcmm, 621 
hulgondae, 377 
I uJgoroidea, 376 
tuniea 456 
fuudatnees, 381 
fungi and insects, 285 , 59X 
fungus garden or bed, 285 
fungus gnats, 647 
lumde, 17 , 18 
furca, 29, 53 , 621 , 622 
furcula, 229 

galea 20 

GaUmcella, 525 , phagocytosis, 207 

Galleria, 433 , Malpighian tubes, X40 

Gallenidae, 453 

gall midges, 645 ; wasps, 579 

galls, 568, 580 , 646 

Gargara, 375 
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wUiid 4 ik« cell chain, X4a, 142 
Gmc^/di^ 148, 369 • 

mtar. 5B5 

Gustm^ifm, 571 
gaaM groove* 172 
mtriccoBCa, no 
QttsifQiis, 346 

Gas^hilus, 678, 679 ; tracheal cella* 120 
Geleomidse, 448* 
geoa, X 5, 16 

genital aperture, 153 ; ducts, 155, 160^ 
genital c^ans, see reproductive system 
genitalia, 47, 48 , 49 
Geometndae, 467 
Geometroidea, 467 
Oeomyzidae, 608 , 673 
Georyssidse, 510 
GseryssKs, 310 
* GeotfupeSt 484, 534 i 535 
germarium, 158 
germ band, 173 
G«rm, 367 
Gerydm, 464 

Krater bugs, 370 

E i 24 

's glands, X51, 416 
gmglymus, 19 
gipsy moth, 473 
giuard, zo?, 108 
glands, 146 : literature on, 152 
glandular hairs, 148 , 424 
Gltsckrochilust 506 
dossa, glossae, 22 

Glos$tna, 620 , 622, 674 : larval spiracles, no ; 
mouth-parts. 620 ; viviparity, 630 ; 
digestion, na 
giowwonn, 512 
glucosides, 75 
Glyphipterygidae, 449 
GlypUptwyx, 450 
gnats, 64X 

Gnopkomyia, glands, 146 
goat mo^, 446 
^d tail moth, 473 
Goliatkus, 477 
Gomphus, 338 

gonads, see reproductive system 

gonapophyses^ 47 , 48 

Gonif^eryx, 465 

GoHgylus, 245 

Goma, 677 

Gmiodes, 3x1 

Goniops, 656 

Gomtus, 597 

gonopods. 47 , 48 

OoryieSt 604 

gout fly, 671 

Gtaber's organ. 97, 655 

Oraciiana, 449 

Gracilariidtt, 449 

nanular spheres. 205 

Gtaphomyia, 675 

grasaihoppers, 246, 248 

greenly, 379 ; leoundity, 346 

Gfip 0 pt«rpK *63 
gxioM pearls, 369 
grom locusts, 346 

wgansk02 
labium, 22 
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Grytius, 2; 
gula, X7, 21 
gulamentum, 17, 21 
gular sutuxes, 17 
gustatory sensillas, 73 
Gymnfitron, 529 
Gymnooerata, 363 
Gymnasomat 677 


Gyropidse, 311 
Gyro^s, 309, 311 


Habrosyne, 467 
Hadena, 473 
Httmiohxa, 073 
Hematomygu^, 316 
HspmalopinidsB, 316 
Hamatopmus, 313, 316 
Hamatopota, O55 
Hantatosiphon, 368 
haemocoelc, 132 
bsmoglobin, 10, 130 
haemolymph, 134 
Hammta, 522 
Halesus, 411 
Hahas* xoi, 472 
Halictophagidje, 542 
Haltrtophagus, 542 
Hahetus, 544, 607, 694 
Haliplidie, 498 
Haltplus, 498 
Halirytm, 645 
Halobates, 367 
halteres, 97, 626 

Haiti oa, ^Ipighian tubes, 141, 4B0 

Hamamhstes, 381 

Ham%tefmg^, 267 , 280, 29X 

hamula, 228 , 220 

hamuli, 35, 332 

Harmolita, 546, 577 

Hafpactor, 368 

Harpalus, 496 

harpes, 439 

hatching spines, 188 

haustellum, 621 

hawk moths, 469 

head, 15 ; segmentation, 23; embryology, 
177 ; literature, 24 
head louse, 311 
heart, 133 
Hebrids, 364, 366 
Hebrus, 366 
Helicoboscat 676 
Helicomnap, 463 - 

Hehocopris, 535 ' 

Heltodimdse, 449 

Heliopaihfis, sound production, 100 
Helioihis, 473 

Heltoihnps, 340 ; mouth-parts, 342 

Hdiozelidae, 449 

Helochates, 51 1 

Helodidae, 5x2 

Helomyxftp 672 

Helomysidae, 667, 678 

Hehpeltis, 346, 369 

Heldpktlm, 665 

Helophisus, 665 

Hemkom, 5x1 

Heloridss, 382 

Helotidsa595 

Hel^hidie* 360 
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469 

hemelytm (hetninEdytra). 351, 3S3 
Hemfitobudaei, 398 
Henmobttts, dW 
He^nsrodr^ia^ 66i * 
liatiucephaloua laxvae, 633 
Befmcordulta, 327 
Hanuleucida^,**' 459 
Heirumendse, 258 
Hemtmerm, 257 
Hemimetabola, 190 
hemtpneustic respiratory system, 126 
Hemiptera, 346 , coloration, 10 . digestion, 
XX2 , external anatomy, 347 , alary 
polymorphism, 353 , sound producing 
organs, 354 , spiracles, 354 ; wax glands. 
147 , internal anatomy. 355 , meta- 
morphoses, 361 , Uassiiication, 363 , 
literature, 389 
HemiUles, 572 
Henicocephalidse, 367 
Hepialidas, 445 . wing tracheaiion 436 
He^alus, 432, 445 , odoriferous glands, 149 
HepUigema, 320 , nymph 322 
hermaphroditism, 154, 166 
Hesperiidas, 466 
Hessuan fly, 645 
Heteroccra,* 461 
Heterocerida^, 511 
Heterogmea, 436 
Hoterogeneidap,* 456 
Heterogyna,* 585 
Heterogymda , 456 
HeUrogynts, 450 
Heteroiapyx, 215, 218, 221 
Heteromera, 517 
Heteroneura, 443, 446 
Heteruneura, 672 
Heteroneundae, 667, 672 
Heterophaga,* 364 
Heteroptera, 363 
Hexagmta^ 319, 322 
Hexapoda,*^ i 
Hterodula, 245 
Htlara, 661 

HvmanopUtfiS 437 

Htmeta, 467 

hind intestine. 106, xxi 

fftppelaUs, 672 

Jitppobosca, 680 . larval spiracles, 119 

Hippoboscidae, 680 

Htnnoneurat 657 

Htspa, 524 

Htster, S04 

Hostena^. 504 

M%st%a, 457 

histoblasts, 210 

histogenesis, 205 

histolysis, 203 

hive bee, 6xx 

HodirtBrmeSt 276 291 

HodoiwmQpns, 268, 291 

Hoicacera, 448 

Hohhpta» 504 

Holometabola, X90 

Holometopa,* 667 

holepneustm respiratory system, tzb 
holopte eyes, 6x6 
Hohmsut, 646 

Homonamra* 443,444 
Homontera, ^62, 472 

bo^eiits: Vi 611; honey 

ikm, 380 ; Itoney comb, 6x1 


** hook tips/' 467 
HormaphWt 380 
hom-tails, 566; hornet, 399 
horse Axes, 654 
house fly, tee Mu$ea 
hover fli^, 664 

humeral lobe, or area. 35, 458, 461 
htxmxmng bird moths, 469 
Hybemtit, 467, 429 . 

Hydr^iha, 671 
Hydrobtus, 31 x 
Hydrocampa, 454 
Hydrocampinse, see Nymphuluue 
HydrockariSt 311 
Hydrombtra, 367 
Hydrometridae, 366 
Hydrotnyza, 672 
Hydropcdettcus, 234 
Hydrophilidse, 311 

Hydtophtlus, biology, 511 ; ocelli of larva, 84 , 
embryology, 179, 186; head, 478, 

thoiax, 482 
liydrophylax, 579 
Nydrnporwi, 495 
fiydrop^yoke, case 414 
Hydropsychidae, 417, 418 
Hydroptxla 411, 4x3, 414 
Hydroptilidse. 417, 418 
H\drouapha, 504 
Hydroscaphidae, 504 
HydrottBa, 673 
Ilvdrous,* 511 
HygrobiP * 497 
Hy tastes, 530 
Hyleccetus, 313 

Hylemyta, larva, 616 , tracheal system, 635 ; 

wing 673 
Jlylobtus 529 
Hylophila, 472 
Hylophtlus,* 522 
Hylotoma 567 

Hymenoptera, 544 , extenfSal anatomy, 547 ; 
internal anatomy, 556 , air-sacs, 123 ; 
fat body, and urate cells, 144 , meta- 
morphoses 560 , classification, 564 , 
literature, 613 , parthenogenesis, 163, 
546 , social life, 544 
Hypena, 473 
Hypera, 528 
Hyperaspis, 309 
Hypermegethes, wing, 41 
hypermetamorphosis, 193 491 
Hyphantna, parasites, 577 
Hypoborus, 573 
hypoccrebral ganglion, 65 
Hypoderma 679 
hypodermal colours, 10 
hypodeimis, 8 
hypognathous hea<l 16 
H'sponoineuta 448, 449 
ftyponomeutidte, 449 
hypopharynx 20 22, X77 
hypopleuron 624 
hypopygmm, 02 7 
H'^sa 474 
Hypsidae, 473 
Hypstpyla, 453 

Ihaha, 581 

Ibaliidae, 58t j x- 

Icerya, 355. ^8*. 5o8 1 hermaphroditism, 
x66 

ichneumon flies, 571 
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Icbneumonidae, 570 , 571 
Idineutnonoidea, 570 ; polyembryony. x66 
Idioc$fu$» 375 
Idiogastra/ 569 
ileumj XXX 

jmaginal buds or discs, 201 
buago. 188 ; development of, 201 
incomplete metamorphosis, 190 
IncunvaHu, 450 ^ 

Indian meal moth, 453 
indirect metamorph^is, 190 
indusium, 176 

infra-buccal chamber or pocket, 591 
infra-epimeron, 27 
infra*o^istemum, 27 
/wo, 457 
InocelHa, 395 
Inostemma, 585 
•inquihnes, 579, 581, 593 
insecta, definition of, 1 ; affinities, 3 ; general 
structure, 4 ; number and size of, 5 ; 
general literature on, 6 
instar, 188 
integument, 7 

intercalary segment, 23 : appendages, 23. 177 

internal chiasma, 63 

internal medullary mass, 63 

intersegmentalia, 13 

intersexes, X54 

Iphiclides, 466 

Ipidae,* 529 

Ips,* 506 

Jps, 530 

Jridomynnex, 595 
iris cells, 81 
Iron, 322 
Ischnocera, 311 
Ischnopsyllus, 689 
Ischnura, 327, 339 
IsocrcUus, 578 
Isngenus, 260 

Isoptera^ 265 ; external anatomy, 266 ; ten- 
torium, 52 ; internal anatomy, 270 ; 
fat-body, 144 ; frontal gland, 271 ; 
castes, 273 ; habitations, 279 ; biology, 
282 ; swarming, 283 ; fecundity, 284 ; 
fungus gardens, 285 ; termitophilous 
insects, 286 ; polymoi^hism, 286 ; social 
symbiosis, 286 ; relations with Protozoa, 
XX 2, 287 ; metamorphosis, 289 ; qui- 
escent phase, 200 ; classification, litera- 
ture, 291 
laosoma,* 577 
Isotoma, 227, 230 , 232 
Ithomiinae. 462 
Ith<me, 396, 398 
Itihonid^, 398 

Janus, 566 
Japygidae, 221 

22 X ; tracheal system, 115 
Jassidas, 346, 375 
jigger/' 689 
jefltm^n's organ, 95 
jowl, 617 

mg<d bristles, 35 ; lobe, 35 , 4x3 
liignm, 35 , 436 , 437 
Juius, eyes, 85 
jumping plant Uce, 377 

IC«rtlSW .389 


Klsidotoma, 582 
" Kdmchenkugeln," 205 

labellum, 549 ; 621 
Labia, 253, 257 

labial glands, 143, 150 , 629; palpus, 21 ; 

suture, 2X, 22 
Labiidse, 257 
Labidura, 253, 257 
Labiduzidae, 257 
Labiduroidea, 257 
labium, 21 ; homologies, 22 
labrum, 15 , 18, X77 
labrum-epipharynx, 19, 619 
lac, 148, 386, 389 ; lac glands, 148 
lace-bugs, 366 
lace-wings, 398, 400 
Lachnostema, 535 
Lachnus, 380 
lacinia, 20 

lackey moth, 458 , 459 
Lacosoma, 4^ 

Lacosomidae, 460 
lady-birds, 508 

LcBmobothrtum^ mouth-parts, 309 

LamophlcBUs, 306 

L€Diilia, 453 

Lagoa, 456 

Lagoidas,* 456 

Lagria, 519 

Lagriidae, 319 

I^amellicomia, 331 

Lampfinus, 593 

Lamprophoru^, 512 

Lampyris, 104, 512 

Langurinae, 306 

Laphrta, 658 

lappot-moths, 438 

large intestine, 1 1 1 

Lanidae,* 323 

Larra, 605 

Larridac, 602, 605 

larva, 190 ; types of, 191 

Lastoiampa, 439 

Lasiocampidae, 458 

Lasioderma, 314 

Laspeyresia, 451 ; digestion in, xi2 

lateral apodemes, 53 ; ocelli, 78 

latero-stemite, 28 

Lathrididas, 307 

Lathridius, 507 

Lathrimeeum, 30 x 

Lauxania, 670 

leaf-cutting bees, see Megachilida 
leaf-hoppers, 373 
leaf-insects, 246 
Lsbia, 142, I 94 » 49 X 
Lecanium,’" see Coccus 
Lectoooris, 369 
legs, 29 
Le%a, 647 

Lsistus, labium, 479 
Lenta, 524 
Lemonud»,* 464 
Lepidocampa, 221 
Lepidocyrtus, 227, 230 
X^idc^tera, 430 ; androconia, X48> 435 ; 
antennas, 43X ; classificatioxi, 442 ; egg, 
42X ; embryonic envelopes, 150 ; exter- 
nal anatomy, 431 ; exuvial glands, 148. 
X94 ; imaginal buds, 201 ; internal 
anatomy, 439 *. W2. 421 ; ocelli 

of larva, 79; literature^ 474; odorifer- 
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m ^Qd8» 148; pupa, 197 , 428: 
stndulating organs, loi , tarsal p^cep- 
tion, 74, 694 ; tympanal organs, 94 
L$pidosaph«s, 357 , 386, 388 
Leptnoht$» 304 

Up%m 9 i 215. gonads, 153 , germ band, 
173 ; L^ismidae, 221 
Lq>tidse, 652, 653 
Lfpttnfillus, 503 
Leptimdas, 503 

Lfipitnoiarsat 10, 524 , embryo, 178 
Lepitnus, 503 

L0pHs,hSi, antenna, 618 , foot, 32 , larva, 
653 , vnngs, 626 
L$pioby¥sa, 366 
Leptocendae, 417, 418 
I eptocircus, 466 
Leptoconsa, 365 
Leptoperla, 263 
Leptoperhdae 263 
Leptophlebiidae, 324 
Lepiopsylla, 689 
Leptothorax, 560 
lesies, 339 
Lestidae 339 
Lesiodtplosx^, 645 
/ ethocerus, 370 
/ eto, 445 
Leucama, 473 
leucocytes, 135 
I eucophaa, 243 
Leucapis, 670 
Leucomnta, 338 
leucospts, 577 

Leucotifmes, 265 283 288, 291 
L$uctra» 29, 259 263 
Itbellula, 327 338 
Libellulidae, 338 
Ltburma, 377 
Ubyihea, 464 
lice, 306 

Limacodidse,* 456 
light producing organs, 104 
ligula, 21 
Itmnenum, 571 
Imnobta, 640 
Limnophihda>, 417, 418 
Lmnophtlus, mouth parts 412 
Itmmtus, 517 
Limoihnps^ 340 
lingua,* 22 
hngula, 379 
Lmp^ixthus, 313, 316 
Liotheidfls, 31 1 
Lipandaj,* 473 
Liptuftts, 307 , 308, 31 1 
Uphyrat 465 
Ltpoptena, 680 
Liposcehst 304 
Lmodema, 520 
LithocoUeHs, 449 
lathosuda^* 471 
Lttodactylus, 528 
LitomasUx, 165, 176, 578 
Ltfus, 579 
378 

loconiotum, 32, 42, 58 
I ncusta, 247, 251 , see also Phasgoneura 
Locuetidss,* 248 
locMs, 247 f phases of, 250 
/-o6»te, 366 

SOI, 594 
570 


INDEX 71S 

Lonck&ptira, larva, 663 
Lonchoptendm, 663 
long-horned »asshoppers ,*348 
Longicorma,* 525 
Lophopteryx, 470 
Ldphym, 568 
Lortara, larva, 490 
lomm, 549 

Lucanidas, 532 ^ 

I ucanus, 533 , 534 
lucif erase, 105 
lucifenit, 105 

Lmlia, 676 , digestion m larva, 113 : thorax, 
chstotaxy 624 

7 uctola, fo4, 512 ' 

luminous organs, 104 

lunuie, 617 , 618 

Lycana, 464 

Lycaenidap, 464 

LycinsB, 512 

Lyctida, 514 

1 yctus, 515 

Lygaeidae, 352 356 , 365 
Lygaonemaiu^ 568 

salivary glands, 358 
Lygoceru^ 584 
lygus 569 
Lytnantna, 473 
Lymantriidai, 473 
Lymxylon 513 
LymexylomddB, 5x3 
lyocytosis 206 
Lyonetia 450 
Lyonetiidae 450 
Lypemta, 673 
lymgnatha, 570 
Lytia 520 

Machfffota 375 
Machilids 221 

Machihb 221 , affinities 3 , gemtalia 48 ; 

nervous system, 67 , see also Petrobvus 
Macrocentrus 166 
Macrocephalul® * 367 
Macrodontxa, 5 477 
Marroglossa, 469 
macrogyne 587 
Macronychus, 511 
Macrostphum, 385 

Macrothvlctcta, head of larva, 422 , integu- 
ment, 8 

Macroioma, 525 
macrotnchia 9» 33 
Macroxyela 598 
mala, 20 

Malachiidse,* 513 
Malachtus, 513 
MalacodermiddB,* 512 

Malacosoma 421, 458 , 459 
malaria, 643 
malaxation 603 
male reproductive organs 154 
Mailophaga, 306, hosts, 308; external 
anatomy, 308 , internal anatomy, 309 i 
classification, 310 , hteratuie, 316 
McUlota, 665 
Malpighian tubes, 140 
Mamm^stra, sensiUae, 73 
mandibles, 19 , 533 
mandibular glands, 1491 150 , 427 
mandibular sclerite, 15 , 16 , 17 
Mantids, 242, 244 

Mtmits, 244 , ootheca, 241 , 
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MaatiapidUB, 4O4 
maimhnum, 228 i ijo 
maiiy^pltiine, moths, 450 
Ma)^g 0 rod$s, 38S, 389 
matgins oi ^ngs, 32 
Mmdna, 641 
Masaniuei, 598 
mask, 335 ^ 

mass prr^vjxtoning, 545 
Masioiwm . 32 , 2^, 290 , 291 
Mastotanmdte, 291 
maaollae, 19 , 21 

maxillary glands, 150 ; palpus, 20 
f!UuciU0&,* 20 
may-flies, 318 
Mayeiiola, 645, 646 
meal-worm, 519 
, mealy bugs, 386 
meconium, 199 

Mecoptera, 406 ; external anatomy 407 , 
metamorphoses, 409 ; classiflcation, 
literature, 410 
MedeUtus, 662 
omdia, 37 , 39 
median segment,* 47 

Mediterranean flour moth, 453; iruit fly, 
669 

MegOAhtle, 608 
Megachihdse, 607, 608 
Megaloprepus, 326 
Mefaloptera, 394 
Megalopwidae, 456 
M 0 g€doikoraxt 252 
326 

MegarhinuSt 642 
Migasom, 5t 477 
MegasHgmus, 577 
Megathymiinss, 466 
M$gathyvms, 457 
Mnmfmgia, coloration, 10 
Melandryidae, 520 
mdamn, to 

463 

M^tMochelia^ 675 ; cephalo-pharyngeal skele- 
ton, 634 , female gemtal organs, 630 , 
nephrocytes, 142 

M^onopltts, 248 , air-sacs, 123 ; labium, 235 
665 

Meicmatus, 517 
440 

M 0 lmSi 316 

Mikmma, 523; germ band, 177 , glands. 


149 

Mtlectft, 409 
M$hgi^s, 606 
MehpoM, 613 
463 

Mfihthha , 578 
5 t 3 

Mepimdm, 

520, 522 , 

520 

Sii . u< Mcs, 133 : antenaa, 17 ; 
dSlfeiitive aystem, 489 , Malptgbtan 
twy. Mi; kptfaolea, 118 , nervous 

tit : imaciaal tads, M3, 388 

ite/W, 878 

1 84 * 


antenn«e, t8 


MUgmilg, 542 
MengenlUidm, 542 

307 . 308, 311 
Mentum^ 21 
Mermis, 587 
mermithaaer, 387 
mermithergate, jS 87 
mennathogyne, 587 
M§rodont 663 
meron, 30, 31 
Meropidae, 410 
mesadema, 157 
M^sembrtmt 630 
mesonteron, x8i 
mesoblaslic somites, 180 
Meitochorus, larva, 563 
mesoderm, 180 
Me^ogtamma, 665 
mesothorax, 26 
Mesovelta, 366 
Mes'ior, 59T 
Mctdbola, 189 

metamorphosis 188 ; types of, 190 
ture, 210 

metantol gland, 240 

molapneustic respiratory system, 126 

metathorax, 26 

Methoca, 596 

Metcfcus, 520 

Metopta, 676 

Metoptna, 594 

Mia^tor, 164 

Microohrysa, hirva, 653 

Mtcrodon, 593 » 665 

Mtcfoga^ter, 572 

Micromalthidae, 513 

Mtcromalikus, 513 

Mtcroneda, 372 

microorganisms and digestion, 112 
Mtcropcplus, 502 
Micropezidai, 668, 672 
Mtcrophvsa, 369 
Mtcropltits, 572 

Micropterygidsje 436 441 , 444 
Micropt$fyx, 444 
micropyle, 162 
MtcrotertHes, 267 , 291 
microtnchia, 9, 33 
midges, 644 

xmd-intestme, 106 , 108 
migratory phase, 251 
Mtitogramma, 676 
mimicry, 466 
Mtmoplmts, 68t 
Mindae,* 369 

M%foUrmes, 272, 291 ; Jhead, 267 
Miscoga$tend«r, 576, 579 
Mnemon%cat 422, 445 ; venation, 436 
Mnesarc^mt 445 
MogopMmr 250 
Molanmdse, 417 418 
mole cricket, 250 
Monodonkmorus, 377 
Mottommldse, 518, 320 
Mononychida»i 370 
MonopMebuSt 355 * 337 
M^Hotoma, 506 
Monotomi^e 506 
Mordellidih, 520 
MordbUisPma, 526 

Merm^, 497 ,, . 

Mormm0m, , 

4Cw|^, tt, 4S9, 4 S 8 


; liten 


a 
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inottMe theory of vision, S6 
iDtOsqUitoes, 641 
moth$, 420 
moth-ilies. O40 
mcmlt, 194, 425 
mouth-j^rts. iS, 19 
imiga silk, 459 
MuUet^s ox^an, 91, 92 
Murganita, 365 

Musca, 673 . abdominal segments. 627 ; 
hioio^, O73 ; cephdlo pharyngeal skele^ 
ton, 634 ; egg, 162 ; labial glands, 629 ; 
njsrvouB system, 67 , spiracles of larva, 
119 ; viviparity, 630 
Mnscidae,'^ 673 

Musetna, pharynx of larva, 634 
Muscular system, 54 , muscles, histology of, 
54 , metamorphosis of. 208 
mushroom bodies, 63 . 67 
mushroom-shaped gland, 155 , 157, 240 
Musidondas,* 663 
mussel scale, 386 

mutation theory of castes, 289 , mutation in 
Drosophila, 626 

MtUtlla, 596 : stridulating organ. 101 

MutiUidse, 596 

Myceiesa, 508 

Mycetohia, 651 

mycetome. 360 

Mycetophagidae, 507 

Mycetophila, 647, 648 

Mycetophilida?, 639, 647 

Mydaa, 675 

Mydaideae, 652, 657 

myiasis, 632, 676 

Myiodactylidae, 398 

Mytolepta, 665 

Mylabn^, 521 

Mymarid^e, 579 

myology, 54 

Myopa, 668 

M^apoda, 2 : eyes, 85 

Myriatropa, 665 ; Malpighian tubes, 141 

Mynentomata,* 223 

Myrmecta, 589 

M^mmecmae, 590 

Myrmecolasc, 59^ 

Myrtnscophila, 250 , 593 
xnyrmecophiles, 501 592 
Myrmedobta, 369 
Myrmedonta, 501, <593 
Myrmeleon, 403, 404 
M:^ineleoxudae, 403, 094 
Myrmtca^ 101 
Myrmctcia, 393 
Myrmosa, 596 
Myrmosidse, 396 
Myrs^a^ tracheal system, 308 
Mymds, 346 


NMs, 36S 
Nacordit, 520 
nagaua, 675 
NmmckmsUt, 4o6« 4x0 
Nm)phyhs, 529 
503 

naeuhs solmer, 277 
NaMBgUb, *76 

969 


N0bn», mouth-parts, 21 ; larva» 490 
neck, 24 

Necrobta, 513 • 

N$crophorus, 30a ;*head, 479 ; larva, 503 

nectar, 6x2f 

Nectofina, 6ox 

Neelidse, 232 

Nsehdes, 230 , 23a 

Neefus, 230, 232 

Nematocera, 638 ’ 

nematodes, t 08 , 587 

Nematus, 567 ; larva, 568 

Nemeobiidas, 464 

Nemeohius, 464 

Nemesirvna, 657 

Nemestrimdie, 652, 656 

Nemobtus, 250 

Nemopteridas, 393* 402 

Nernosoma, 505 

Nsmotois, 450 

Nsmoura, 261 , 262 , 263 , tracheation, 37 

Nemoundse, 263 

Neoconocephalvs, 248 

Neostylcyps, 539 

neoteinic individuals, 274 

Neote fines, 279 

355 , 371 *, egg, 3 ^* 

Nephotettix, 376 
nephrocytes, 142 
Nepidae, 371 
NepHcula, 450 
Nepticulidaj, 447 , 450 

nervous system, 61 ; development, xSa : 

physiology, 68 
nervures,* 35 
ncuration,* 39 
neuiomeres, 182 
Neuromus, 395 
Neuroptera. 393 
Neuroterus, 580 
Neurotoma, 568 
Negara, 365 
Nuoleita, 221 
night eyes, 88, 89 
Kilionnke, 520 
Nina, 403 
Nipomub, 504 
Nitidulidae 506 
Nociua, 473 
Noctuidae 472, 473 
Noctuoidea. 470 
nodus, 330 
Nola, 425 
Nomada, 609 
Nomadidae, 606, 609 
Nona^rta, 472 
KosodendnddD. 510 
Nosodendron, 

Notiothaumidae, 410 
Notiphila, 671 
Notodonta, 470 
Kotodontidae, 470 
Notolophus,* 474 
Notonecta, 355. 358 , 391 
Kotonectidae, 371 
Notoxus, 522 
notum, 27 
Novtus, 508 
nun " moth, 473 
Nyctal^mon, 466 
NyctedUnas. 472 
Nyctenbta, 681 
Nyct6nbid»« 681 
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tfyaefiopsyila, 689 
Nyctel^oica, 68x 
xt^ph, 189 , 200 ‘ 
Nympbalidae, 462 
NympbaHnae, 463 
Nympbidae, 398 
Nyniphomyta, 694 
Nymphomyiidie, 694 
Nymphula, 454,; gills, 124 
Nysius, 365 
Nysson, 604 
Nyssonidae, 603, 604 


oak apple gall, 581 
obtecf pupa, 197 
occiput, X5, 16 

oceUar lolm, 63 ; nerves, 63 ; triangle, 617 

oeelU, 77 ; development, 83 

Ochrotnyia, 622 

Ocneriidae,* 473 

ocular aclcrites, 17 

Ocypus, 503 ; labium, 479 ; segmental 
glands, 149 ; wing, 484 
Odonata, 326 ; branchial basket, 336 ; clas> 
sification, 338 ; coloration, ii, 327 ; 
emtnyology, 175 ; cndostemiles, 53 ; 
external anatomy, 328 ; internal ana- 
tomy, 332 ; metamorphoses, 333 ; litera- 
ture, 339 

Odontocendae, 4x7, 418 
Odontocerum, larval case, 414 
OdoniolabiSt 533 
Odontomyia, 653 

Odoniotermes, 276, 281, 291 ; fungus bed, 
285 

odoriferous glands, X49, 358 
Odynerus, 599 

CEcanthus, 249 , 250 ; embryomc envelopes, 
179 ; metan^ gland, 240 
(Eciacus, 368 
CEoopboridss, 447 , 448 
CEcophylla, 465, 589 
(Edimagma, 678 
(Edemira, 520 
G£demeridas, 520 
(Edipodinae, 247 
oenocytes, X37, 138 
oenocytoids, 135, 136 
cesopbageal ganglia, 65 ; valve, xo8, 110 
cBSOpbagus, 107 
CEstridae, 672, 678 
CEstfus, 679 
OtheHous, 456 
oil beetles, 520 
dethreutid®,* 451 

olfactory lobes, 63 ; sensilia, 73 ; perception. 
75 

Olibms, 507 
Oligarces, 164 
Oligoneuria» 3x8, 322 
OUgoneund®, 324 
digopod phase, 191 
disq^ tov®, 192 
Ci^aktnta, 295 ; venation, 296 
Oligotomid®, 298 
implmm. sot 
omxxiatidiam, 80, 81 
Omoph^on, 496 
Omj^bnalid®,* 657 
0 ntxidss^ 656 
OiU$olg0jidef, 324 
535 

sa?. 330. 


Onychophora, x 
ootheca, 169, 241 , 245 
Ophicn, 572 
Oposiega, 447 , 450 
optic lobes, 63, 183 
opticon, 63, 64 

OtaSinM. S77. SQ4 

Orche&ella, mouth-parts, 228 
Orvhestes, 529 
orders of insects, 2x3 
Oreetochtlus, 499 

orga^ of Berlese, 360 ; of Sicbold, 94 

Orgyia, 4*5, 4*9, 432. 438, 474 

Onna, 324 

Omeodid®, 450 

Omeodes, 450 

Omtthomyia, 680 

Omtthoptera, 11,466 

Orocharis, 596 

Qrphnephilid®,* 650 

Or^id®, 668, G69 

Orth$zui» 355, 388 1 

Orthoperus, 504 

Qrthoptera, 234 ; external anatomy, 234 ; 
internal anatomy, 238 ; phagocytic 
organs, 138 ; growth, 240 ; classihca- 
tion, 242 ; literature, 252 ; stndulation, 

100 

Orthorrhapha,* 637 
Ovyite<i, 493 . 533 
Oxyssid®, 569 
Oryssoidea, 569 
Ofyssus, 569 
Osotnelldt 671 
Oscmid®, 668, 671 
Osetms, 671 
Osetnosoma, 671 
osmeterium, 423 
Osmia, 608 
Osmyhd®, 399 
Osmylus, 399 
Osphya, 520 
Othnud®, 519 

Ottorrhynchus, 528 ; pailhenogenesis, 529 

ovanole, 157 

ovary, 158 

oviduct, 100 

oviposition, 169 

ovipositor, 48 

Oxybelid®, 602, 603 

Ox^elust 605 

Oxycarenus, 365 

Cbychirotid®, 452 

Oxypiera, 677 

Oxythyrea, 533 

Oxyura,* 582 - 


Pachyimrus, 52 -x 
Pachyneufon, 578 
Pachypsylla, yj*j 
Pach^diylus,* 247 
p®dogenesis, 163 
Pal®dctyoptera, 3, 43 
Palaeosetid®, 446 
Pahaertta, 468 
Palingmia, 318 
Palingeniid®, 324 
Palpicomia,* 5x1 
palpif®:, 20 

567 : hewi of bnm, 008 ; wings, 
PamsAia, >69 
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Pai^onta, 655 
Pamscus, 572 

Panorpat 406 ; mouth>part8, 407 ; salivaxy 
glaiulSi 694 ; wings, 408 
PanorpidsB, 410 
Pantoptbalmidae. 652, 654 
Panfopthalmus, 654, 694 
Panurgidae, 60b. 507 
Panufgus, 607 
'j^pataci fever, 640 
jPapilio, 427, 465 
Papilionidae, 465 
Papilionoidea, 461 
paraglossa, 20, 21 
^ragnaths, 21 
Paragus, 665 

? arameres, 49 
'araneuroptera,* 326 
paranotal theory, 4 3 
Paraponyx,"* see Nymphula 
paraproct, 46 
paraptera,* 33 
Parascotia, 472 
parasitesv respiration of, 129 
Parasitica, 564, 565 
parasitic castration, 167, 287, 541 
parasitism, in Anoplura, 306, 31 t ; in Coleop 
tera, 502, 520 ; in Strepsiplera, 538 ; in 
Hymenoptera, 545 ; in Diptera, O32 ; in 
Aphaniptera, 688 
parastipes,* 20 
Pamassius, 465, 466 
Pamidae,* 510 

parthenogenesis, 163 ; in Thysanoptera, 341; 
in Hemiptcra, 379, 380, 388 ; in Coleop- 
tera, 529 ; in Hymenoptera, 546 ; in 
Diptera, 645 
Passalidae, 532 
Passalus, 532 * 534 
Passeromyia, 675 
patagia, 27, 433 
Pauropoda, 2 
Paufurus* 567 
Paussidae, 499 
Paussus, 499 
Pawlowsky's glands, 315 
pear midge, 645 ; pear sucker, 378 
pectus, 27 
pedicel, 17 , 18 
Pedicia, 636 
Pedecinus, 316 
Pediculidas, 316 

Pedtculus 311 ; anatomy, 313 ; nephrocytea, 
142 ; relation to disease, 312 
Pegomyia, C75 ; pharynx, of larva, 634 
P^ecinelta, 579 
Pelecinidae, 583 
Pekcinus, 583 
pellagra, 650 
PelobiuSt 497 
Pelobiid», 497 
Pelogoidds, 370 
PelogonuSt 370 
Pehpkila, 497 
Pemphigus, 380, 381, 

Pemphredon, 605 
Pemphredonidae, 602, 605 
PenicUHdia, 681 
p^B, 49 
Pentastomidi, 2 
Penfaioma, 365 

Pentatomidae, 363. 364 ; egg, 361 ; head, 
347 ; sound production, 334 
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Peutozocera, 542 
Pepsis, 601 

Pmeapritermes, head, 267 
Pericoma, 641 
Pericopinae, 472 
Perilampidas, 577 
Perilampus, 577, 562 
Perilitus, see Dinocampus 
PeHllus, 10 
perineural sinus, 133 
penodical cicada, 373 
periopticon, 63, 64 
Peripatus, i 

peripheral sensory nervous system, 66 
Pertplaneta, 243 ; circulatory systenT, 133 ; 
digestive system, 108 ; genital ducts, 
185 ; myology, 66 ; ovipositor, 48 ; 
pulsatile organs, 134 ; reproductive 
organs, 155 , 157 ; salivary glands, 150 ; , 
tracheal system, 122 ; venation, 236 
periplasm, 170 

penpneustic respiratory system, 126 

peripodial cavil y, 201 

Pertpsoous, 304 

penstigmatic glands, 115, 636 

peritreme, 115 

pentrophic membrane, 110 

Petktnstella, 352, 377 

Perla, 260 , 263 

Perlaria,’*' 259 

Perlidae. 263 

Peronea, 447 

Perophorida?,* 460 

Perothopinap, 517 

Petalura, 338 

Petiolata,* 564 

petiole, 554 

Petriid®, 520 

Petrobius, 20 , 215, 216 , 2at 
Petrognatha, 525 
Phadon, 524 
Phsenocepbalids, 504 
Phoenoserphus, 583 
pliagocytes, 136 
phagocytic organs, 13& 
phagocytosis, 205, 206 
PhaJacridae, 507 
Phalacrocera, 640 
Phalacrus, 507 
Phalera, 470 
Phalonia, 451 
Phaloniidae, 451 
Phaneropterinae, 249 
Phanopate, 100 
Phaoma, 143 , G75 
Phamacia, 5 
Pharsalia, 570 
pharyngeal ganglia, 65 
phairynx, 107 
Phasgonura, 249 
Phasmidae, 242, 245 
Phassus, 433 
Phaudinse, 457 
Phausis, 512 
PkeidoU, 585 , 587 
Phenax, 377 
Phengodes, 104, 512 
Phigaha, 467 
Philanus, 359 # 374 
Phiianthidi, 602. oc *4 
Phtlanthus, 604 
Phthntcus, 658 
Phtionihus, larva, 192 
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Pmlo|M 9 tamid», 417* 418 
Pkt^otamus, 4x4 
Philofl3ends6, 3x1 * 

Phmpiem^ 308 
PMosamta^ 459 

PMoifypestSf thoiax, 551 
Phf0b0lomus, 640 
Phio^hora, eye, 89 



Phondas, 663 
Phonnta, 670 
PhoHnus, 104, 513 
PhatHfu^, 513 

phtitogenic organs, 104, 5 x 2 
i^iragxna, 52 

PhfOfnnta, 376 ; wax glands, 147 
Phryganea, giUs, 124 , case, 414 , thoracic 
ilands, 416 
Pbryganeidae, 417 4x8 
Phihtrus, 312, 316 
Phlhimmaa, 448 
Phybalosonta, see Phat nacta 
Pbycitidas* 453 
IPhycodromidse, 667, 672 
PklyUtum, 246 , ootheca 241 
Phyllcbtus, 528 
PhyllocntstiSy 423. 440 
Phyllodromia, see Blaitella 
PllyllQptsftha, 534, 535 
PhyUo$*Bia, 524 

Phyihgsra, 380, 383 ; ovanes, etc , 360 , 
static organ 97 
PhymatidsB, 367 
Phvsodefra, XO4 
Physokermes, 386 
Physopoda,* 340 

PhysQstcmum, male sexual organs, 309 

Phyiobtus, 528 

Phytodecta, SM 

Phytomyxa, 670 

Phyiommus, 193 

Ph 3 ^tophaga, 522 , 564 

f^ytophires,* 377 

Piendse, 465 ; leg, 462 : venation 437 
Pwns, 465 , chemotropism 75 , larva 192, 
201 , pupa, 429 , sensory pit 76 
migration, 465 , wing buds, 38 , colura 



tioxi, XX 
Pkma. 366 

pigmentation, see coloration 
snt cells, 78 

_ 561 

P%opkUa, 672 
Ptopxilxdas, 668, 672 
.665 

X67, 66, 

«, 664 
_ ^i», 604 

48 d, 529 
lOmm*. 356 

st$ 

ffMHiqpwDaia, 396 

‘ , 4*3 

lice, 379 

,663 

m 



PkUyxdra^ 448 
Piaiygaster, 165, 191, 584 
Platygasteridae, 176, 383, 584 
Platymtschus, 554 
Plaiynaspts, 509 
Plaiypexa, 664 
Plat3;^zidae, 664 
Platypodinee, 529 
Piatypsyllidse, 530 
Platvpi>yllu$, 530 
Platypus, 53 X 
PlatyTThinidae,* 527 
Plaiysoma, 504, 669 
Platyura, 647 
Plea, 371 

Plecoptera, 259 , classification, 263 ; litera- 
ture, 264 
Plectoptera.* 318 

PUctronemta, 414 j 

Plectroiarsus, 4x2 

Plestocarts, 369 . metamorphosis 189 t 

pleural arm, 53 , ridge 53 , suture, 27 V 
Wing process, 33, 34 ^ 

j^euron, pleurites, 13, 27 
PleuropUru^, 499 
Plodxa, 453 

plume moths 430, 454 

plumose hairs, 9, 603 

Plusia, 472 

Plutella, 449 

Plutellidse, 449 

Podagrton, 577 

podical plates 46 

Podtsu^ ejici? 162 

Podura, 230 232 , Podundde, 232 

poison glands 555 

Poltstis, 601 

Pollema 675 

Polybiin«e, 601 

Polyccntropiclx, 417, 4x8 

Pohetenes, 369 

Polyctemdas, 369 

Polydrusus, 528 

polyembryony, 164, 578 

Polyergus, 594 

Pohgnotiis, 165 

Polygoma, egg, 162 

Polylepta, 647 

PolymitarcidiB 324 

polymorphism, 28b, 586 

Polvnema, 579 

Polyphaga 494, 500 

Polyphaga, 243 

Polypla^, 313. 316 

Polyplocxto,* 467 

polypneustic lobes no 

polypod phase, 191 , larvae, 192, 363 

Polysphtneia, 193 

polyptychus, 469 

Polystoechotes, 398 

Polystoechotidae, 398 

Pompilidae, 595, 601 

Pomptlus, Cox 

skaters, see Germ 
Ponera, 590 
Ponennae, 389 
PofUanta, 368 
Porofeea, 579 
Porihesta, 473 

post-antennal organ, 227, 229 * 
postetrww* notal process, 34 
postgena, 16 
postmentum, 20, at 



GS^EAL INDEX 




po 9 tQr*t«im» a7 
p<!NitOCCiput. 16 
pos^faragma, st 
poststeraoUum, 28 
Potamaiithito^ 

Pi>to9*a, digestion, T12 
pottt fly. d4Q 
powder-post beetles, 514 
Pfdfmachflts, 221 
Pra<m, 578 

pre anteonal appendages 177 
preapical bristle 625 
precfpitm reactions, 135, 311 
precoxal bridge. 28 
pre epistemuxn, 27 
prementum, 21 
Prenolepts 592 
prephragma, 52 
propupa, 197 
prescutum 27 
presternum, 28 
preatomal teeth 622 
Prestmehta, 570 
pretarsus, 31 
pnmary larvae 562 563 
primary ocelli 77 
Pfionoxy^tu^ 437 , 446 
Pftophorus 76 
processes of body ^vall 14 
processionary moth 474 
proctodaeum, 106 182 
Proctotrypidse 48 ^ 

Proctotrypoidea 582 

Pfodoxus, 450 

prognathous head 16 

progressive provisioning, 545 

l^japygidas, 221 

Projafyx^ 221 

Pfolab%a» 257 

prolegs 422 

** promments,** 470 

Pronuba,* see Tegeitrula 

propneusttc respiratory system, 126 

propodeum, 47 550 

propolis 612 

PforhvnoUtmes, 276 

Prosena, 677 

Prosopidae, 606, 607 

ProsQpts, 549 , 607 

Pra^optstofiui, 323 325 

Prospaltella, 578 

Pfoimt\a» 533 

protective resemblance 424, 472 
protentomon, 4 
PfOfieniUmwH, 226 
Protednnidse, 531 
Prokrh%fim, 33 i 

i’rotoesdi^ora,* 676 
protocerebrum, 62 

425, 428, 433, 469 , circulatoiy 
gyetem, 135 
PrQfapamsuii, 499 
625 

Drotopod phase 191 . larvae, 191 
; rojofteora, a54 

I'rotoeoa and tennites. 112, 287 
l^rotm^ 333 ; external anatomy, 223 ; m 
axiliomy, 324 , afl^xfltiee, 225 
eieiwridcetkw. 226^ htearatttre^ 226 
107 

i Mmsnocdi^^ 6ot 
p^mm0km$gp 291 


PstOr*, 37S 
Paelaphtdae, 502 
Psephenus $10 ♦ 

pseudocelli, 97. 223 
Pheudoeoceus, 386, 387 
Ps^omasam, 399 
Pseudomytminae, 591 
pseudopods, 14 
Pstuddpiynx, 464 
pseudotracheae, 621 , 622 
pbeudovitellus, 360 
Pstla 672 
Psilidae 668, 672 
Pstlocephaiat 668 
Psilopa, 671 
Pstthyrus 610 
Psocida, 301 
Psocoplera 299 
Psocus 303 
P%oYopkofa, 679 
Psyche 440 441 
Psythidae 441 455 
INychoidea 444 454 
Psyihoda 641 
Psychodidae 6^9 640 
Psychomyidae 417, 4x8 
Ps^chopsidap 400 
Psychtpns 401 
P^ivlla 350 355 377 373 
Psylhdae 377 
ptcraha * 33 
Pterocroie larva 403 
PUfidela ^01 
pterodontia 656 
Phroloma 478 
Pteroniahda 578 
Pteromahis 578 
Ptcronarcidae 263 
Pteronarcy^ 260 263 
Pteronus * 567 
Pterophondae 452 454 
Pterophofus 45^ 
pteiopleuron 27 624 
Pterothysamdae 461 
Pierothysanus 461 
Pteiygota 214 

ptilinum 617 618 ptilinal suture, 619 
iHimda;,* 5x4 99 
Ptinus, 314 

Ptychoptera 639 histology of gut, ixo 
Ptychoptennae, 630 640 
Ptyelus 375 

Pulex 688, 693 , Puhcidae, 693 
Puliaphora 663 664 
pulsatile organs, 134 
pulvillus, 32 
pupa, 196 

pupae incompletae , lil erae obtecta), 430 

pupal protection, 19S 

pupaxium, 197 

Pupipara, 662 679 

wgidial glands, 4S6 

Pygtdtcranta 257 

Pygidicranidae 257 

Pyralidae, 453 

P^aloidea 452 

lotahs, 453 

Pyramets, 463 
Pyraiista, 454 
P^austiche, 453 
JFyrgomantis, 244 
Pyfoch/foXt 522 
Pvrochroidaa/ 5*1 
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Pyrophoms, 5x6 
P^hocoridae, 366 
F^hoeoHs, 353, 366 
Pyrrkosdina» 339 
P^hidae, 520 
Pytho, 520 

quadrilateral, 330 
QuediuSt 593 

queen, 544; bie, 61 1 ; termite. 282 ; ant. 
587 ; wasp, 599 

radial sector, 37 . 39 
radius, 37 , 39 
Rallicala, 308 

Panatra, 354, 359. 361 , 371 

Baphidia, 395 

Raphidioidea, 395 

Hatardidae, 457 

Raymondia, 68 x 

receptaculum seminis, 160 

rectal papillae, xxz ; cccca, 109 , xii 

rectum, ixi 

recurrent nerve, 65 , 68 

red bugs. 366 

Reduviidae, 367 ; dimorphism, 353 ; head, 
367 ; prosternal furrow, 354 
Redmiui, 354, 368 
reflex-bleeding, 136 
reflex mechanism, 72 
relapsing fever, 312 
repletes, 592 
reproduction, 162 

reproductive system, 153 ; development, 184, 
185 

repu^natorial glands, 15X ; in Blattidae, 240; 

in Hemiptera, 358 
resptotion, 127 

respiratory system, 1x4 ; types of, 125 
Reticulotermes,* see LeucoUfmas 
retina, 78 
retinaculum, 35 
retinuhe, 78 

retort-shaped organs, 349 
rhabdom, 78 
Rkahdophaga, 646 
Rhachicefus, 651 
Rhacodi/iMura, 677 
Rhagadochir, 298 
Rhagedeiis, spiracles, 127 
Bhagonycha, 5x3 
Rkagcveliu^ ^66 
Bhampkomyia, 660 
Rhinooypha, 328, 339 
Rhino$stfU 9 , 632 
Rhinomacet, 527 
Rhinomacertnae, 528 
Rkinomyia, 646 
BhiHQ$omu 8 , 520 
Bhinoiemes, 200 , 278, 291 
lUiipicflsidaB, $1^ 

Rhipxphoridss. 520 
RkiM(^, 380 
RhiMophdgus, 506 
BhiMOtrogus, 567, 657 
RhodiUs, 581 
Rhodonewa, 452 

^pididiiiifle. <45 
Rhosialoeefa^* 46X 
lUxQpiloitieridaB. 667, 67a 
BkapdMpkumt 381 
RAcSkskuma, $98 


RkyacopMla, 413 
Khyacophilide, 4x7, 4x8 
Rhynchiies, 528 
Rhynchophora, 495 » 526 
Bhynchophorus, 529 
Rhynchota,* 346 
Rhyncopthirina, 316 
Rhyphidae, 639, 651 

hus, 65 X ; venation, 40 ; trichiation. 

Rhysodes, 500 
Rhysodidae, 500 
Rhysopaussidae, 519 
Rhyssa, 571 
Rtelia, 584 
Riodiniinae,* 464 
Rtpersia, 388 
robber flies, 658 
Rocky Mountain locust, 248 
Rerderoides, 661 
Kopalidiinae, 601 
rose chafer, 533 

rostrum of Hemiptera, 349 ; of Coleopter 

478, 480 ; of Diptera, 621 
rove beeves, 501 
ruby-tailed wasps, 598 
Rumia, 425 

Sabatinca, 432 ; mouth-parts, 444 

Saginae, 249 

Sagra, 524 

Saida, 369 

Saldidae, 369 

Saltus, 601 

saliva, action of, 1 50 

salivary glands, 150 , 209 , 628 ; development, 

183 

Salpingw, 520 
Saltatoria, 242 
Sarnia, larva, 459 
sand-flies, 640 
San Jos6 scale, 386 
Sanninddea, 448 
Saperda, 525 , 526 
Saprinus, 504 
Sapromyxa, 669 
Sapromyzidae, 668, 669 
Sapyga, 597 
Sapygidae, 596, 597 
sarcolemma, sarcomere, 54 , 55 
Sarcophaga, 675 ; antenxia, 618 
Sarcophaginae, 675 
sarcoplasm, 55 
Sarcopsyllidae,* 693 
sarcostyles, 55 
Sarginas, 652 

Sargus, 653 ; venation, 626 

Saturnia, 459 ; development of eye, 85 ; 

spinning glands. 427 
Satumiidae, 459 
Satyrinae, 462 
saw-flies, 567 
scale insects, 385 
scales, 9, 434 , 694 
scape, 17 , 18 
Scaphidiidae, 304 
Sce^hidium, 504 
Setiphistama, 504 
Scarabasidas, 533 ; larva, 491 
Scara^aus, 534 , 535 
Scatomysida,* 67a 
Sedhphaga, 67^ 

Scdlopu, 649 
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ScBlimena, 234 
Scelionidaei, 583. 584 
ScBhpkron, 604 
Scenopinidae, 652, 657 
Scenopinus, 658 
scent p;lande, 149 
Schednts, 560 

Schistocerca, 237 , 247 , 253 
Schizaspidia, 578 
Schizometopa,* 667 
Schizophora, 662, 667 
Sciara, 647 
Sciomyzidae, 668, 672 
Sciophila, 647 
Scifies, 512 
sclentcs, 13 
Sclerodermus, 597 
scoli, 14, 423 
ScoHa, 597 
ScoUidae, 596 
scolopale, 71 
Scolopendra, 23 ; eyes, 85 
scolophore, 89 
Scol3riidae, 529^ 530 
Scolyius, 530 
scopa. 554 
Scopavia, 454 
scorpion fly, 406 
Scfaptia, 520 
Scraptiidae, 520 
scro^, 478 
scrotum, 154 
ScuUllisia, 578 
scutellum, 27 
Scuttgera, eyes, 85 
scutum, 27 
Scydmaenidae, 502 
Scydnusms, 502 
Scymnus, 509 
Scythrid^, 4^9 

segmental glands, 146 , T49. 493 
segmentation, 13 ; of abdomen, 46 ; of 
embryo, 177 ; of head, 23 ; of thorax, 
26 

Semper's rib, 36 
Selandria, 148 

sense organs, 71 ; literature on, 97 

sensillae, 71 

Sepedon, 672 

S^isidae, 667, 672 

SeHcomyia, 665 ; sensory pit, 75 

Sericostomatidac, 417, 418 

Serinetha, 365 

serosa, 173 

Serphoidea/*^ 582 

Serricornia, 51 1 

Serfitermes, 291 

Szsia, 448 

Sesiidae, 447 

SessiHventras,* 564 

setae, 9 

setiferous sense organs, 72 
sex cells, 161 
sexuparae, ^81 
Shantung silk, 459 
sheep ked, or " tick,'* 680 
sheep maggot fly, 676 
shield hugs, 364 
idiort-homed grasshoppers, 246 
Sialioidea. ^94 

SiMs, 394 ; 134 ; larva, 395 

SUttiHa, 498 
sOk, 142, 294 


silk glands, 151 , 294 ; metamorphosis, 209 
silk moths, 459 

silkworm, 460 ; embryo.* 178 ; growth, 195 ; 
Mripheral nervous system, 66 ; see a&o 
BombVx 

Silpha, 479 , 503 
Silphidas, 502 
Silphurus, 322 
Silvanus, 506 
Simuliids, 639, 649 
Simulium, 649 
Sinodmdvont 533 
SinoxyloUf 514 
Siphlonuridce, 325 
Stphona\ 677 
Siphonaptera,* 688 

Siphunculata, 31 1 ; relation to disease, 311 ; 
external anatomy. 313 ; internal ana- 
tomy, classification, 315 ; literature, 316 
Sipkunculina, 672 

SneXt 567, 571 *, thorax, 550 ; wing, 552 

Siricidae, 566 

Sisyra, 399 

Sisyridefi, 399 

Stians, 520 

Sitodrepa, 514 

Sitones (Sitotta), 529 

Sitotroga, 448 

slave-making ants, 594 

sleeping sickness, 674 

small intestine, ixi 

SmerinthuSt 440 

Smicra,* 563 

SmmthuridaD, 232 

Sminthurides, 230 , 232 

Smintkurus, 232 ; tracheal system, 231 

snake flics, 394 : snake worm, 647 

social bees, 6oq, Oi i ; wasps, 598 

social symbiosis, 592 ; parasitism, 594 

soldier, 276 , 277 

Solenopst^, 578 

sound producing or stridulating organs, 
99 ; of Orthoptera, 237 ; of Hemiptera, 
354 ; of Coleoplera, 484 ; of Psocoptera, 

304 

Spalangia, 578 
Spalg%s, 464 
Spamopsts, 653 
Spanish fly, 521 
SparganothU, 451 
Spathegaster,* 581 
spermatheca, i6o 
spennatophore, 161 
spermatozoa, 161 
Spennophofella, 400 
Spheendium, 511 
Sphseriidae, 504 
Sphaeritidae, 505 
Spheerites, 505 
SphcBfius, 504 

Sphaeroceridae, see Borborida 
Spharularia, 168 
Sphecidas, 603 
Spheciformia, 564, 

Sphecius, 604 
Sphecodes, 156 , 607 
Sphccoidca, 602 
Sphegidae.^ 603 
Spkenoptera, 515 
SpkeXt 603 
Sphindidae, 515 
Sphindus, 515 
Sphittgidae, 469 ; 118 
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Sphingoidcd 40q 

Sphinx, 425 , digestive canal, 109 
Spih^rapha, tbQ * 

SpUopsyllus 68q 
Sptlo'>oina (Lymanlrndjp) 426 
spina, 29 
spines, Q 
Sptrachtha, 501 
spiracles 1 1 1 , 

splanchnic nerves 66 
splenic organs 1 38 
Spongtphofa 257 
Spongostylum, 660 
spring tails 227 
spurs, 6 , 31 
squamae 626 
squash bug, 365 
stadium, 188 
stag beetles 479 , 533 
Staphylinidtp 501 , larva 192 
Staphylmoidea soo 
Stapkylinus external anatomy, 482 
static organs, 97 
Staufopu^, 424, 427 471 
Stegontyta, 642, (>43 
btclidid*, 607 
Stehs, 607 
stem saw-flies, 566 
Stenobothrus, 246 
Sianodictya, 43 
Stonogastrinae 601 
Stennperh 261 2O3 
Sienopodtu^ $21 
Stephanidce 57 3 
Stephamtis 3O6 
steinoplouion 27. 624 
Sternorhyneba 3O2 377 
sternum, sternitcs, 1 3 28 
Stichotromatul r 54- 
stick insects 245 
^OfOcfMS, 3SS 
stigmata,* sec spiracles 
btmnatic cords izb 
SUgmatomma 590 
sting, 555 
stipes, 20 , 22 
Stizidlp 603, 604 
Stizus, 604 

stomach, 108 , digestion, iii 
stomachic ganglion, 65 
stomatogaslnc ncivous system 65 
stomodaeum, 178 182 
Stomoxy^, 674 , proboscis 622 
stone flies, 259 

SUatiomyta, 653 , ner\ous system 67 
Stratiomyidaj, 651, 652 
Strebla, 682 
StrebluLp, 681 
Strepsiptera, 538 , biology host lelations 
540 ; classification, literature, 542 
striated hem, 107 , 109 
stridulating organs, 99, 534 
stmctural colours, ix 
Sturmta, 677, 078 
style, stylus 47 , 618 
Siylops, 538 541 . 54a 
subalar sclerile, 34 
Subcocttnella, 309 
subcosta 37 , 39 
subcoxa, 30 
subgaiea, 20 
subimago, 318 
sttbmeutum, 21 


subersophagt al gan-jlion, 62 , 64 

sucking bee 31 1 

sucking stomach * 107 

supeiUngUcP 20 177 

superposition iniagu 87 

supei triangk 331 

supplementary ichneumon flics, 572 

siipia cpimeron 27 ^ 

supia cpi sternum 27 

suranal plate 46 

sun a 635 

sutures. 13 

swallow tails 403 

swarming of tei miles 283 of apluds 380 
ol ants, 38S , of be es 545, 61 x 
swift moths 44 5 
S%Lophaga 376 
Sycoryctes, 376 
Syco^oter 373 
symbiosis. 361 
bymbius, 320 
SymmefUi 647 

sympathetic nervous system 65.68 

.S-v mpeirnni 333 338 

S> mpherobuddp 308 

s\mphilLs 303 

Symphnomvia 625 

S3 nipbyla ^ 3 

Symphyt i 30 •> 

S) inphyplcon \ 230 232 
S\naphi 433 
bynthivi 4 03 
syntchthriTis 393 
Svm mm ^ 3 / 

Synorgina 5S1 
Sv»li\ic% 339 
syna kc tc s 3 ^3 
Syuypim 383 
S\ nit lid 505 
SynUIndii 303 
Syntmiaspis 377 
SyntomidcL 471 
S\nfom7S 471 
Synfomtuw 502 
S\ri/ta 663 

Syyphidtr bf>| sound proilue turn 103 
Syrphu^ 665 , pharynx ot larva 634 
Sysiiiihus, 0f»o 
Sy^tropub 600 

TabanidcL 632 634 

Fahmitis, 655 antenna, 618 , eye, 80 
larva 653 , vi n ition 40 
Tachardta 148 389 472 
Tachina 677 

lachmidae O73 673 677 , chectotaxy 624 
blood gills 123 , heart of larva, 134 
Tacky ^phev 603 
Tach^tes, 605 
ta^nidia 119 
1 cemoc horibta 35 , 41 1 
Tanwplcryx 2()3 
7 a ntorhvnchits, 642 
Tamothvips 341 
lanyptxa, by 2 
lanypozidsD, 6G8, 672 
Tanypub, 645 
lanytanus 643 
ta}>etum, 88, 89 
Tardigrada, x 

tarsal glands, 294 , perception, 74 : sensill** 
b 94 

tarsus, 31 
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tasar silk, 450 
Ta^manaperla 263 
Tcciocpn^ 304 
Tegeftcula 4 <50 
tegmen, tegmma ^5 
te^la 33 34 43 ^ ^ 

tegumen 439 
Ti uhomysa, 671 * 

Ttiamona 375 

Till a 426 450 584 

telctiform larva 563 

Ttlephonda? * 312 

Telep horns 493 149 

telson, 4O 178 

Temnochila, 505 

tendons 54 

Tenehno 156 519 

Tembnoide^ 505 

XenebnonidT 492 519 

tent ( att rpillars j 

Tcnthicdimdre 548 368 

Tcnthr(dinoid€ X, 

tentoiuim 51 , ol Diptera 623 

lerauolus 11 

TcngiulT 456 

tei<bi i 3*14 

Icrcbiantia 56 j 

tirgite ktgimi, 13 27 

Itrmcs 291, digestive system 270 , 
ficumUty o\ar\ -S4 rovdctll 282 
sound inodiKtion 00 ttnmtanuni 
281 ir u he il syslt in 121 
ItrttnUuiilph hji 
terniitarn 281 tciiniUs ^65 
lennitide 291 
1 efnntodipUron 641 
Tcfmitigcioft 291 
TermHomasius O4T 
Termitonnmus 301 
tei mitophilous ins( ( ts ^S6 
Ttfmitixema ihh 004 
Ttrnnpsts 2O9 2“'» ^89 *.91 
lessarntoma sound ptodiution 334 
testis, 134 
J ofanmera by 2 
Iftramortum 3<)^ 

1 etrasiirhub 378 
lctri,^iniE, 24() 

J(it}piuw 3 6 
Tettigoriiidi 242 248 
Thats 403 
Thalessa 371 
Thamastes 412 
Thaumaltia O31 
Thaumakida 63c) 650 
Thaumatopaa 474 
Thaumatopcrid L 474 
7 haumatoxemn 664 
theca, 619, 621 
Iheha 167 ^/3 
Therein 659 
Iherevjda O32 658 
Fhena 640 
Thermal) la 215 
7 hersihn hu-* 570 37 
thoracic ganglia 6<) , giands, 151 416 
thorax, 20, 27 
Thonctida? 307 
Ihripidsc 343 
timpg, 340 
ihnxton, 677 
Throseida*, 317 
Throscus, 317 


Thryptuus h 6 z 

Ihvatim 467 

7 h\ mains 303 

I hynni ida * 4 37 

Ihynnida * 39O 

7 h\nniis 390 

rhyndidfj 432 

thyndium 41 3 

Jhyrid iptnyx 455 , 436 

r/iiiii 432 ' 

Thysanopteia 340 (Ktornal anatomy in 
tirnal anatomy mctamorphobis, 341 , 
classification 344 literature, 343 
Thysanura 213. attimties 3, habits and 
external anatom\ 213, internal ana 
tomy 218, libial glands, 143 , tracheal 
system 12 1 , post embryonic growth 
220 classification literature, 221 
thvsanurilorm larva 192 
tibia 31 

tiger beeths 49O moths 471 
Timarcha 322 Malpighian tubes, 140 
Tinea 430 pupa 429 

limidi 430 

Pincina 448 
lineodidTe 432 
lincoidca 447 
Tingula 3f)(> 

J iphia 597 
Itpnla ()jo 

Fipulidi 6^() Jhorax 27 , glands 146 
7 lu las 30() 

Fit (WHS 3*3 
I mnrcfii 228 232 

1 mi nia 3 o 
tonohbiilli 35 
toiiiir T3 

toitoist bccllcs see C asWa 
loTtiicidi 447 341 
lortiicoult i 43T 
TorUix f3T 
Jor>niKU ,77 
J nymus 374 3/7 
J a (\phidKh ) 373 

/ xitnpana ()f)o 
trului 119 
Itac Ik il gills 124 

tiachcil svstiiii T14, divclopmcnt, meta- 
morphf)sis i S3 
trachfoks 120 
Tfaih^rnyuncx 591 
If am a 381 
tne hoppds 373 
Fnimx 3O7 371 
trench lc\ II 412 
tiiangle, 330 
Tnatoma 307 
Tnhohum 519 

liiKnirus digestive system 356 
Truhacts >83 
IruhiosonM 3^^ 

Futhicera 031 

Imhideitis 408 311 . spnacies, 116 
liK hod( c tidT 311 
J f ii hodt s 313 
7 tuh >gf amma, 574 37 ® 

Ineliogrammid't 37^ 

Trichoma, 400 

2 richomyia, 641 
Truhophaga, 

Tnchoptcra 411 , anatomy, 41" . 

moriihosis 414 » c 1 issific ition 4*®^ 
literature, 418 
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Trichopsocu^, 304 
Tnchopterygidae, 503 
Tnchoptilus, 454 
Trtchura, 471 
Tfirondyla, 496 
Tncorythus, nymph, 322 
Trutenotoma, 522 
Tnctenotomidae, 522 
Trtdactylus, 250 
Trteiphora, 374 
trigamma, 435 

Trtgona, O13 , sodal life, 545 
Tngonalid«fi, 595, 597 
Trigomdiunit 249 
Tnlobita, 2, 3 
Tnmera, 304 
Tnnoton, 31 1 
Tnoza, 377 
Tnphleps, egg, 162 
Trtihemi^, 338 
tritocerebrum 64 
trmngulm 193 , 521, 541 
trochanter, 30 
trochantin, 28 30 
Trocteb, 301 
XrogositiddB, 505 
trophallaxis, 545 
trophamnion, 563 
trophi, see mouth parts 
Troptdta, 665 
trophocytes, 209 
trophothylax, 591 
Ttoz, 335 
Trypanea, 669 
Trypaneida?, 668, 669 
Trypetidae,* 669 , Irypeta, 667 
Trypodendron, 531 
Tfypoxylon, 604 
Trypoxylonidae, 602, 604 
Tsetse mc&, 674 
Tubuhfera,* see Chrysididae 
Tunga, see Dermatophilus 
turnip flea beetle, 524 
tussock mothS) 473 
Wmpanal organs, 90, 238, 438 
typhlocyba, 376 
t3^hud fever, 31* 

Udamoselts, 379 
{ 71 a» gtods, 146 
Vhmyia, 641 * 

UMa, 404 

xAteB^viom vision, 69 
qHcqs, 434 
nngneii, see claiv4 
XX, 468 
UxuAiidaS/ 448 
ux^ G^, 144 , 

nrid tx, X42 
tlrocerid^*^ 546 
Vf^doH, 523 
46 



vagina, x6o 
VanduM 0 a, 375 
Vamssa, xoi, 463 
vas deferexis, 155 
vas efierens, X54 
vasiform onflce, 379 


veins, 35, 36 
Vt^lta 366 
venation, 37 

ventral diaphragm, 133 , groove, plate, 171 , 
sinus, 132 , sympathetic nervous sys 
tem, 66 , tube, 229 
Verlusta, wings 352 
Vermtleo, 634, 694 
venucae, 423 
verruga, 640 
Vu son’s cells 155 
vertex, 15 , 16 
vesicle bearing larva, 563 
vesicula scminalis, 135 
Vesipa, biology, 599, 320 , mouth parts, 548 , 
poison glands, 556 , sensilLc, 74 , 
social hie, 600 
Vespiddp, 398 
Vcspifornua 364 365 
Vespoidca, 303 303 , 166 
vibnssae, 617 623 » 

vinculum, 439 \ 

visceial neivous system, 65, 68 
vision, 80 
vitcUarium, 158 
vitelline membrane, 161 
viMpanty, 162, 324, 630 
Voluiella, 601, 665 
Vorta, 677 

walking, 32 
Wand oil ichxa 664 
warbh flics 078 
wasps 393 599 

watci beetles, 498 , boatmen 371 , scorpions, 
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wax, 389, 6x1 , wax cells 136 , wax glands, 
147 , wax insect, 389 
weevils, 528 
wheat bulb fly, 675 
wheel bug 3^8 

white ants 263 , white fly, 378 
wing coupling appaiatus 35 436 
wings, i^, 32 , muscles 58 oiigin of 43, 
stJutture and dc\ elojime'nt, 33, 36 
Winthemia, (>77 
wirewonn, 517 
Wohlfarha, bjO 
wood wasps, 366 

worker ant, 587, termite, 276 ; bee, 61 1 ; 

wasp, 600 
Wuchererta, 644 

Xanthohnui, 593 
Xemidse, 342 
Xemllia, 677 
Xenoicvus, 327 
Xenopsylla, 689 , 693 
Xeno^» 542, 539 
Xestobium, 514 
Xipkidium, 138 , 176 
Xtphydna, 567 
Xycla, 368 
XyehdcB, 568 
Xylehorus, 530 
Xylococcus, 353. 387, 388 
Xylo(opx, 609 
Xylocopidse, 607, 608 
Xylodtplosis, 646 
Xylomyta, 632 
Xylophagus, 652, 654 
Xyiophihd«e, 522 
Xylophtlu$, 522 
Xylorycta, 449 



Xyloryctid®, 448 
Xylota, (165 

yellow lever, 6^3 
yolk, 170 : yolk cells, 171 
Yucca, pollinatiou of, 450 

Zabtu%, 406 
Zaitha,* 370 


GENERAL INDEX 

Zethms* 601 
Zeugophora, 524 
Zeiizeta, 421, 432, 446 , 

Zt(uma, 3C4 
ZoraptcrA,.269, 299 
Zmotvpii^, 299 
Zyt^ana, 457 

Zyj»<rnidJL', ^ 

Zygoptera, 328 , 330 , 333, 335, 338 



